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SUMMARY
1, The aim o f  t h i s  w ork was to  in v e s t ig a te  th e  q u a l i t y  o f  p a s te u r iz e d  
m i lk .  The work in v o lv e d  a s tu d y  o f  th e  q u a l i t y  o f  p a s te u r iz e d  m ilk  
from  r e t a i l  sources in  A y r and d i s t r i c t .  One hundred and t h i r t y - t w o  
packs o f  p a s te u r iz e d  m ilk  were purchased o v e r a f i v e  month p e r io d  from  
s ix  r e t a i l  sources -  fo u r  shops and two su p e rm a rke ts . The m ilk s  were 
p rocessed  by s ix  d i f f e r e n t  d a i r ie s .  The q u a l i t y  o f  the  m i lk  was 
assessed u s ing  t o t a l  c o lo n y  c o u n t, p s y c h ro tro p h ic  c o u n t, l i p o l y t i c  c o u n t, 
p r o te o ly t ic  c o u n t. B a c i l lu s  ce reus  c o u n t ,c o l i fo r m  c o u n t, pH, t i t r a t a b l e  
a c id i t y  and phosphatase  t e s t .  I t  was found  th a t  6 .06  p e r c e n t o f  th e  
samples f a i le d  th e  phosphatese  t e s t .  However, 13 ,6  p e r c e n t f a i le d  ‘ 
th e  s ta n d a rd  f o r  c o l i f o r m  b a c te r ia  in  p a s te u r iz e d  m i lk  in  S co tla n d
1 .e .  absen t in  1/1000 ml o f  m i lk .  15.9 p e r ce n t o f  th e  samples showed
a h ig h e r t o t a l  c o lo n y  co u n t tha n  th e  maximum coun t f o r  th e  's ta n d a rd '
g rade  o f  raw m ilk  in  S c o tla n d  C< 50,000  p e r m l) .
2, A com parison  was made o f  th e  m ic r o b io lo g ic a l q u a l i t y  o f  p a s te u r iz e d  
m ilk  packaged in  g la s s  b o t t le s  and s in g le - s e r v ic e  c o n ta in e rs  CSSC) 
u s in g  samples o f  p a s te u r iz e d  m ilk  o b ta in e d  from  two com m erc ia l d a i r ie s .  
The b a c te r io lo g ic a l  t e s t s  r e fe r r e d  to  above were used. The e f f e c t  o f  
th e  fo l lo w in g  fa c to r s  on th e  m ic r o b io lo g ic a l  q u a l i t y  was in v e s t ig a te d .
Ci) s to ra g e  a t  5°C f o r  2 , 4 and 6 days , C i i )  th e  package i . e .  e i t h e r  ■
g la s s  b o t t le s  o r  s in g le - s e r v ic e  c o n ta in e r s ,  and C i i i )  exposure  t r e a t ­
ment f o r  3 h to  l i g h t  and te m p e ra tu re  c o n d it io n s  s im u la t in g  th e  
d o o rs te p  d e l iv e r y  system . I t  was conc luded  from  th e  te s t s  th a t  
exposure  to  s im u la te d  d o o rs te p  d e l iv e r y  c o n d it io n s  had no s ig n i f i c a n t  
e f f e c t  on th e  m ic r o b io lo g ic a l  q u a l i t y  d u r in g  th e  t r i a l s  w h ich  to o k  
p la c e  in  w in te r  t im e . The mean m ic r o b ia l  co un ts  o f  p a s te u r iz e d  m i lk  
p rocessed  in  d a ir y  A and packaged in  g la s s  b o t t le s  were s ig n i f i c a n t l y  
h ig h e r  th a n  th o se  o b ta in e d  fro m  p a s te u r iz e d  m ilk  from  th e  same ta n k  
packaged in  3SC. These d if fe re n c e s  appeared in  some te s t s  made on
the  day o f  p ro c e s s in g . However, th e  mean o f  s im i la r  m ic r o b ia l  co un ts  
o f  m i lk  p rocessed  in  d a ir y  B, gave th e  e xa c t o p p o s ite  r e s u l t s  o f  th o se  
o b ta in e d  a t  d a ir y  A. The r e s u l t s  showed th a t  th e re  was no s ig n i f i c a n t  
d i f fe r e n c e  in  th e  m ic r o b io lo g ic a l  q u a l i t y  o f  p a s te u r iz e d  m ilk  packaged
in  SSC in  th e  two d a i r ie s .  However, a h ig h ly  s ig n i f i c a n t  d i f fe r e n c e  
was found  in  th e  b a c te r io lo g ic a l  q u a l i t y  o f  th e  samples o f  p a s te u r iz e d  
m i lk  packaged in  g la s s  b a t t le s  between th e  two d a i r ie s .  The empty 
g la s s  b o t t le s  were found  to  be an im p o r ta n t source  o f  p o s t - p a s te u r iz a t io n  
c o n ta m in a tio n . The m ic ro -o rg a n is m s  w h ich  were re s p o n s ib le  f o r  th e  
c o n ta m in a tio n  were Aeromonas s p e c ie s , C it r o b a c te r  f r e u n d i i , E s c h e r ic h ia  
c o l i , E n te ro b a c te r  a e rogenes , E n te ro b a c te r  c lo a c a e , E n te ro b a c te r  
agg lom éran s . Pseudomonas sp e c ie s  and S e r r a t ia  l iq u e fa c ie n s . The 
t o t a l  c o lo n y  c o u n t o f  samples o f  p a s te u r iz e d  m ilk  ta ke n  fro m  th e  
p a s te u r iz e d  m i lk  ta n k  in  b o th  d a i r ie s  was n o t more th a n  16,000 p e r  ml 
a f t e r  6 days o f  s to ra g e  a t  5°C.
3. The ch e m ica l q u a l i t y  o f  p a s te u r iz e d  m ilk  packaged in  g la s s  b o t t le s  
and SSC was d e te rm ined  u s in g  pH, t i t r a t a b l e  a c id i t y ,  d is s o lv e d  oxygen 
c o n te n t,  a c id  degree v a lu e ,  phospha tase  t e s t  and v ita m in  C c o n te n t 
(a s c o rb ic  and d e h y d ro a s c o rb ic  a c id )  on th e  day o f  p ro c e s s in g  and a f t e r  
2, 4 and 6 days o f  s to ra g e  a t  5°C. From the  p r a c t ic a l  p o in t  o f  v ie w
in "f/ie, pH oA4cl -t-i a .c .i 'o l i i 'f
th e re  was no s ig n i f i c a n t  d iffe re n c s A b e tw e e n  th e  m ilk s  packaged in  th e  
two typ e s  o f  c o n ta in e r .  The d is s o lv e d  oxygen c o n te n t decreased 
s ig n i f i c a n t l y  in  p a s te u r iz e d  m i lk  packaged in  g la s s  b o t t le s  d u r in g  
th e  p e r io d  o f  s to ra g e . However, th e re  was no s ig n i f i c a n t  changes in  
th e  d is s o lv e d  oxygen c o n te n t in  th e  case o f  m i lk  in  SSC. A h ig h ly  
s ig n i f i c a n t  n e g a tiv e  c o r r e la t io n  was fou n d  between th e  d is s o lv e d  
oxygen c o n te n t and th e  t o t a l  c o lo n y  c o u n t in  th e  samples o f  m i lk  
packaged in  g la s s  b o t t lè s  b u t n o t w ith  th e  m ilk  packaged in  SSC.
The a c id  degree va lu e  CADV) o f  th e  m i lk  packaged in  g la s s  b o t t le s  
was s ig n i f i c a n t l y  h ig h e r  th a n  th e  m ilk  packaged in  SSC d u r in g  th e  
s to ra g e . P a s te u r iz e d  m ilk  packaged in  g la s s  b o t t le s  lo s t  40 p e r 
c e n t o f  i t s  a s c o rb ic  a c id  c o n te n t on exposure  f o r  3 h to  th e  l i g h t  
and te m p e ra tu re  c o n d it io n s  s im u la t in g  th e  d o o rs te p  d e l iv e r y  system . 
Exposure to  s im u la te d  d o o rs te p  d e l iv e r y  c o n d it io n s  had no s ig n i f i c a n t  
e f f e c t  on th e  a s c o rb ic  a c id  c o n te n t o f  m ilk  in  s in g le  s e rv ic e  
c o n ta in e rs .
4. Assessment o f  th e  q u a l i t y  o f  p a s te u r iz e d  m ilk  packaged in  th e
above two d i f f e r e n t  p ackag ing  system s was d e te rm in e d . The appearance 
sco res  showed no s ig n i f i c a n t  d if fe r e n c e  between th e  two packag ing  
system s. There was a s l i g h t  decrease  in  th e  appearance sco res  d u r in g  
th e  s to ra g e  a t  5°C. However, th e re  was a s ig n i f i c a n t  decrease  in  th e  
odour and f la v o u r  sco re s  d u r in g  th e  s to ra g e  a t  5°C. There was no 
s ig n i f i c a n t  d i f fe r e n c e  between th e  two packag ing  system s fro m  th e  
p r a c t ic a l  p o in t  o f  v ie w . F r u i t y ,  b i t t e r ,  o x id iz e d ,  m a lty  and 
cooked f la v o u rs  were id e n t i f i e d  in  p a s te u r iz e d  m ilk  in  bo th  typ e s  o f  
c o n ta in e r .
5. A l l  o f  th e  p u re  s t r a in s  o f  B a c i l lu s  sp e c ie s  te s te d  showed no 
g ro w th  a f t e r  24 h a t th e  optim um  te m p e ra tu re  o f  each on p la te  co un t 
aga r to  w h ich  was added B enza lkon A -50 p e r c e n t [100 m g/1) o r  Janus 
g reen  [1000 m g /1 ). However, s t r a in s  o f  Pseudomonas, E^ . c o l i  and 
P ro te u s  grew on th e  above medium under th e  same c o n d it io n s .
A h ig h ly  s ig n i f ic a n t  c o r r e la t io n  was fou n d  between th e  t o t a l  c o lo n y  
c o u n t o f p a s te u r iz e d  m i lk  a f t e r  p re - in c u b a t io n  f o r  24 h a t  25°C on th e  
above two s e le c t iv e  media and th e  t o t a l  c o lo n y  co un t o f  th e  same m ilk  
a f t e r  7 days o f  s to ra g e  a t  5°C u s in g  a n o n -s e le c t iv e  medium p la te  
co u n t a g a r.
ABBREVIATIONS
The s tan d a rd  a b b re v ia t io n s ,  as recommended by th e  B r i t i s h  S tandard  
I n s t i t u t i o n ,  B .S . 1991 : P a rt 1 (1976) a re  used in  t h i s  th e s is ,  w ith  
th e  fo l lo w in g  a d d it io n s
ADV = A c id  degree va lu e
OF = Degree of Freedom = n - 1
G lass-E  = Samples o f  p a s te u r iz e d  m ilk  packaged in  g la s s  b o t t le s
and exposed f o r  3 h to  l i g h t  and te m p e ra tu re  
c o n d it io n s  s im u la t in g  d o o rs te p  d e l iv e r y  system  p r io r  
to  s to ra g e  a t  5°C.
G lass-N  = Samples o f  p a s te u r iz e d  m ilk  packaged in  g la s s  b o t t le s
and s to re d  in  darkness a t  5°C.
1 -  0MS = Mean o f  Sum Squares = — Z (x - x) = S tandard
D e v ia t io n
REP = R e p lic a te s
SE = S tandard  E r ro r  = V R e s id ua l MS
SED = S tandard  E r ro r  o f  D if fe re n c e s  o f  Means
= V R e s id u a l MS/N ( in d iv id u a l  v a r ia n ts )
SSC = S in g le -s e rv ic e  c o n ta in e rs
SSC-E = Samples o f  p a s te u r iz e d  m ilk  packaged in  s in g le -
s e rv ic e  c o n ta in e rs  and exposed f o r  3 h to  l i g h t  and 
te m p e ra tu re  c o n d it io n s  s im u la t in g  d o o rs te p  d e l iv e r y  
system  p r io r  to  s to ra g e  a t 5°C.
SSC-N = Samples o f  p a s te u r iz e d  m ilk  packaged in  s in g le -
s e rv ic e  c o n ta in e rs  and s to re d  in  darkness a t  5°C.
Tank = Samples o f  p a s te u r iz e d  m ilk  taken  from  p a s te u r iz e d
m ilk  ta n k
VR = V a ria n ce  R a tio  = MS ( in d iv id u a l  v a r ia n ts /M S  R e s id u a l.
FOOTNOTE
In  r e fe r r in g  to  s tu d ie s  in  w h ich  th e  te rm s p s y c h r o p h il ic  and p s y c h ro tro p h ic  
a re  used, th e  a u th o r o f  t h i s  th e s is  has reproduced th e  te rm  g iv e n  in  th e  
o r ig in a l  w ork.
MICROBIOLOGICAL QUALITY OF HEAT PROCESSED MILKS 
INTRODUCTION
Types o f  hea t p rocessed  m ilk s  in  th e  U n ite d  Kingdom and o th e r  
c o u n tr ie s  in c lu d in g  I r a q
There a re  th re e  typ e s  o f  hea t p rocessed  m ilk s  w h ich  have been 
produced in  th e  U .K . and a ls o  in  many o th e r  c o u n t r ie s .
1. P a s te u r iz e d  M ilk
A p a s te u r iz e d  p ro d u c t i s  a p ro du c t- w h ich  has been s u b je c te d  to  
p a s te u r iz a t io n . ;  w h ich  i f  r e t a i le d  as such has been co o led  w ith o u t  
d e la y  and has been the n  packaged w ith  minimum d e la y  under c o n d it io n s  
w h ich  m in im iz e  c o n ta m in a tio n . The p ro d u c t must g iv e  a n e g a tiv e  
phosphatase  t e s t  im m e d ia te ly  a f t e r  hea t tre a tm e n t C ID F /F IL , 1 9 8 0 ],
P a s te u r iz e d  m ilk  i s  produced e x te n s iv e ly  in  th e  U .K ., European 
c o u n t r ie s ,  th e  U .S .A ., th e  U .S .S .R ., Canada, A u s t r a l ia ,  New Zealand 
and some o th e r  c o u n t r ie s  w ith  tem pe ra te  c l im a te s .
Ridgway [1970 ] re p o r te d  t h a t ,  in  com m erc ia l p r a c t ic e ,  r e f r ig e r a t io n  
c o u ld  p ro lo n g  th e  keep ing  q u a l i t y  o f  p a s te u r iz e d  m ilk  to  6-8 days 
b u t i t  was e s s e n t ia l t h a t  th e  m ilk  be h e ld  a t  te m p e ra tu re s  below 
7 .2°C  C45°F] a t  a l l  t im e s , to  a ch ie ve  t h i s  le n g th  o f  l i f e .
The E .E .C . R e g u la t io n  C1971] [as amended by E .E .C . R e g u la t io n ,  1976] 
p e rm it te d  th e  s a le  o f  hea t t r e a te d  m ilk  [p a s te u r iz e d ,  UHT and 
s t e r i l i z e d ]  in  th re e  g rades  a c c o rd in g  to  f a t  c o n te n t .  These a re :
a . * Whole m ilk  w ith  a minimum f a t  c o n te n t o f  3 .5  p e r c e n t,
b . Semi-skimmed m ilk  w ith  a f a t  c o n te n t o f  between 1 .5 and
1 .8  p e r c e n t,  and
c . Skimmed m ilk  w ith  a f a t  c o n te n t o f  n o t more than  Q.3 p e r o e n t. 
The E .E .C . a ls o  a llo w e d  members S ta te s  to  p ro v id e  f o r  an a d d i t io n a l  
whole m ilk  c a te g o ry  w ith  a f a t  c o n te n t f ix e d  by them a t no le s s  than
*The minimum le g a l ly  p e rm it te d  f a t  c o n te n t o f  u n s ta n d a rd is e d  whole m i lk  in  
th e  U n ite d  Kingdom I s  3 p e r c e n t.  [U .K . D r in k in g  R e g u la t io n s , 1 9 7 6 ].
3 .8  Ce.g. Channel Is la n d s  and premium South Devon m ilk s  in  th e  U .K . ) .
In  some E .E .C . c o u n tr ie s  th e  sem i-skim m ed m ilk  may be f o r t i f i e d .  
F u r th e r  deve lopm ent has been made on t h is  ty p e  o f  m i lk  by th e  
a d d it io n  o f  v ita m in s  and th e  p ro d u c t io n  o f  f la v o u re d  m ilk  [A s h to n ,
1974 ).
Ashton e t . a l . [1979 ] re p o r te d  th a t  p a s te u r iz e d  m ilk  has a r e la t i v e l y  
s h o r t  keep ing  q u a l i t y .  Under v e ry  w e l l  c o n t r o l le d  c o n d it io n s  th e  
maximum keep ing  q u a l i t y  [ s h e l f  l i f e ]  o f  c o m m e rc ia lly  produced 
p a s te u r iz e d  m ilk ,  s to re d  under r e f r ig e r a t io n  from  th e  t im e  o f  
p ro d u c t io n  i s  c o n s id e re d  to  be o f  th e  o rd e r  o f  21-28 days . A &
s h o r te r  keep ing  q u a l i t y  o f  3 -7  o r  9 days under r e f r ig e r a te d  s to ra g e  
c o u ld , in  c e r ta in  c o u n t r ie s ,  be co n s id e re d  s u f f i c i e n t l y  lo n g  and 
s a t is fa c to r y ,  w h i ls t  in  o th e rs ,  a 2 -3  days s h e l f - l i f e  m ig h t be 
custom ary and g e n e ra l ly  re g a rde d  as a c c e p ta b le .
They re p o r te d  th a t  p a s te u r iz e d  m i lk  i s  fa c in g  many p rob lem s w h ich  
a re  re la te d  to :
a ] th e  b a c te r ia l  f l o r a  o f  raw m ilk ,
b ] th e  l ip a s e s  and p ro te in a s e s  [ n a t u r a l ly  o r  b a c t e r io lo g ic a l ly
deve lo p ed ] w h ich  a re  p re s e n t in  th e  raw  m ilk  p r io r  to  th e  
p rocess  o f  p a s te u r iz a t io n  and th e  e f f e c t s  o f  th e  r e s id u a l 
amounts' o f  th e  h e a t -s ta b le  enzymes p re s e n t a f t e r  hea t 
tre a tm e n t,  and
c ] th e  e f f ic ie n c y  o f  h a n d lin g  and tre a tm e n t o f  m ilk  w h ich  
in c lu d e s , p re p a ra t io n  o f  the  p la n t  f o r  use, th e  s u i t a b i l i t y  
o f  th e  p rocess  w ith  p la n t  used and th e  o p e ra t io n a l s k i l l s  
in v o lv e d  in  p ro c e s s in g  tre a tm e n t.
2. UHT M ilk
UHT m ilk  is  now m arke ted  in  th e  U .K . and most European c o u n t r ie s ,  
Kenya, M exico , Zambia, th e  U .S .A ., Canada, th e  U .S .S .R . and I r a q ,
The UHT p ro d u c t i s  d e f in e d  by th e  ID F /F IL  [1980 ] as a p ro d u c t
w hich  has been s u b je c te d  to  UHT tre a tm e n t,  w h ich  i s  packaged in  
s t e r i l e  c o n ta in e rs  under a s e p t ic  c o n d it io n s ,  and w h ich  s a t i s f i e s  th e  
keep ing  q u a l i t y  te s ts  g iv e n  in  ID F /F IL  C1969),
Lang and Lang C1975) s ta te d  t h a t  UHT m i lk  s o ld  in  s e v e ra l v a r ia n ts  
d i f f e r i n g  in  f a t  c o n te n t such as whole m ilk  w ith  3-4  p e r c e n t f a t ;  
p a r t i a l l y  skimmed m ilk  w ith  1 .5  -  1 .8  p e r c e n t fa t ,a n d  sk im  m i lk  w ith  
le s s  than  0 .3  p e r c e n t f a t  .They s a id  t h a t  in  some c o u n tr ie s  such as 
S w itz e r la n d  and th e  German F e d e ra l R e p u b lic , UHT -  m arke t m i lk  o f  
reduced f a t  c o n te n t,  1 .8  p e r c e n t,  and e n r ic h e d  w ith  p ro te in ,  i s  a ls o  
a v a i la b le .  F la vo u re d  UHT m i lk  a ls o  i s  produced in  some European 
c o u n t r ie s .  ‘
B u rto n  C l977] re p o r te d  t h a t  t h i s  typ e  o f  hea t p rocessed  m ilk  was 
r a p id ly  deve loped in  many European c o u n t r ie s ,  [ I t a l y ,  West Germany, 
S w itz e r la n d  and F ra n c e ],  th e  U .S .A . and Canada, w h ile  i t  was ve ry  
s low  to  deve lo p  in  th e  U .K . compared to  p a s te u r iz e d  m i lk .  Slow 
deve lopm ent o f  s a le s  o f  UHT m i lk  in  th e  U .K . was re la te d  to  th e  
a v a i l a b i l i t y  o f  h ig h - q u a l i t y  p a s te u r iz e d  m ilk .a n d  th e  m a in tenance  
o f  th e  househo ld  [d o o r -s te p ]  d e l iv e r y  system .
The S c o t t is h  M ilk  M a rk e tin g  Board [1930 ] re p o r te d  th a t  UHT m ilk  has 
been c o m m e rc ia lly  s o ld  in  th e  U.K. s in c e  1965, b u t in  1979 s a le s  were 
s t i l l  under 1 p e r c e n t o f  th e  t o t a l  l i q u id  m ilk  m a rk e t. However, 
i t  was 48 p e r c e n t in  I t a l y ,  37 p e r c e n t in  West Germany, 36 p e r 
c e n t in  S w itz e r la n d , 27 p e r c e n t in  F rance , 12 p e r c e n t in  B e lg ium  
and 5 p e r c e n t in  H o lla n d .
3. S t e r i l iz e d  M ilk
The s t e r i l i z e d  p ro d u c t is  d e f in e d  by th e  ID F /F IL  [19 8 0 ] as a p ro d u c t 
w h ich  has been s u b je c te d  to  s t e r i l i z a t i o n ,  e i t h e r  in  se a led  
c o n ta in e rs  o r  in  c o n tin u o u s  f lo w ,  and su bse q u e n tly  packaged in  
s t e r i l e  c o n ta in e rs  under a s e p t ic  c o n d it io n s ,  w h ich  s a t i s f ie s  th e  
keep ing  q u a l i t y  t e s t  d e s c r ib e d  in  ID F /F IL  [1 9 6 9 ], and w h ich  does 
n o t g iv e  t u r b i d i t y  when s u b je c te d  to  th e  m o d if ie d  t u r b i d i t y  t e s t  
d e s c r ib e d  in  ID F /F IL  [1 9 7 2 ],
A shton  & Romney [1979 3 re p o r te d  t h a t  s t e r i l i z e d  m ilk  has been m arketed 
in  Europe s in c e  th e  tu r n  o f  th e  2 0 th  c e n tu ry .  O r ig in a l ly ,  i t  was 
th o u g h t t h a t  s u b je c t in g  m i lk  c o n ta in e d  in  a g la s s  b o t t le  to  a 
te m p e ra tu re  exceed ing  b o i l in g  p o in t  f o r  abou t 30 m in u tes  in  a se a led
v e s s e l i . e .  an a u to c la v e , w ou ld  be s u f f i c i e n t  to  k i l l  a l l  th e  m ic ro ­
o rgan ism s w h ich  were p re s e n t,  th u s  making i t  s t e r i l e .  Such t r e a t ­
m ent, i t  was c o n s id e re d , would p e rm it  m ilk  to  have an extended 
keep ing  q u a l i t y  o f  weeks o r  even m onths. They d e f in e d  s t e r i l i z e d  
m ilk  as m ilk  w h ich  a f t e r  f i l l i n g  in t o  c o n ta in e rs  in  w h ich  i t  i s  
s e a le d , has been hea ted  to  a te m p e ra tu re  w i th in  th e  l im i t s  1 0 0 -1 35°C 
f o r  15 m in u tes  and w h ich  g iv e s  no' p r e c ip i t a t e  when a sam ple i s
s u b je c te d  to  a m o d if ie d  t u r b i d i t y  t e s t .
The h ig h e r  te m p e ra tu re , w h ich  i s  used to  s t e r i l i z e  th e  m i lk ,  causes 
c a ra m e liz a t io n  o f  th e  la c to s e  p ro d u c in g  a 'c o o k e d ' f la v o u r  and a 
more creamy appearance [N a t io n a l D a iry  C o u n c il,  19743.
T h is  ty p e  o f  m i lk  i s  n o t in c re a s in g  to  th e  same e x te n t  as p a s te u r iz e d  
and UHT m ilk s .
The F e d e ra tio n  o f  th e  U .K . M ilk  M a rk e tin g  Boards [1979 3 re p o r te d  th a t  
the  p e rcen tag e  o f  s t e r i l i z e d  m i lk  s o ld  in  England and Wales in  t h a t  
y e a r was 7 .1 ,  w h ile  in  1975 i t  was 7 ,6 .
Methods o f  p ro c e s s in g  -  C o n tro l re q u ire m e n t -  S tandards  [com m erc ia l 
and le g a l ] .
1. Methods o f  p ro c e s s in g  used f o r  p a s te u r iz e d  m i lk  
P a s te u r iz a t io n  i s  a p ro cess  a p p lie d  to  a p ro d u c t w ith  th e  o b je c t  o f  
m in im iz in g  p o s s ib le  h e a lth  h a za rd s , a r is in g  fro m  p a th o g e n ic  m ic ro ­
o rgan ism s a s s o c ia te d  w ith  m i lk ,  by heat tre a tm e n t w h ich  i s  
c o n s is te n t  w ith  m in im a l c h e m ic a l, p h y s ic a l and o rg a n o le p t ic  changes 
in  th e  p ro d u c t [ ID F /F IL ,  1 9 3 0 ].
Methods o f  p ro c e s s in g  used f o r  p a s te u r iz e d  m ilk  a re :
a ] H o ld e r M ethod:
In  t h i s  method raw m i lk  i s  heated to  te m p e ra tu re s  in  th e  range o f
60 t o  62,8°C  [140 to  145°F ] f o r  30 m in . Most r e g u la t io n s  agree
th a t  th e  m i lk  sh ou ld  be hea ted  f o r  30 m in . A f te r  p a s te u r iz a t io n  
th e  m i 
1968).
i lk  i s  co o led  to  10°C (5 0 °F ) [H e r r in g to n ,  1948, H a ll  and T ro u t,
In  S c o t la n d , p a s te u r iz e d  m i lk  may be produced by th e  above method, 
u s in g  te m p e ra tu re s  in  th e  range  o f  62.8°C  [1 4 5 °F ] to  65,6°C  [1 5 0 °F ). 
The m i lk  sh ou ld  be co o le d  im m e d ia te ly  to  no t more th a n  7 .2 °C  [4 5 °F ) .  
In d ic a t in g  and re c o rd in g  the rm om ete rs  shou ld  be in s t a l le d  in  
s u i ta b le  p la c e s  and each re c o rd in g  the rm om ete r c h a r t  sh ou ld  be da ted  
and kep t f o r  n o t le s s  th a n  th re e  m onths. Im m e d ia te ly  a f t e r  c o o l in g ,  
th e  m i lk  sh ou ld  be p u t in t o  r e t a i l  c o n ta in e rs  o r  u n v e n t i la te d  b u lk  ; 
c o n ta in e rs  [The M ilk (S p e c ia l D e s ig n a tio n s ) {S c o tla n d )O rd e r, 1965), 
D i f f e r e n t  equ ipm ent has been used w ith  t h i s  method such as e i t h e r  a 
V at p a s te u r iz e r  o r  a Batch  h e a t in g  system  w ith  c o n tin u o u s  c o o l in g .
b) HTST Method
T h is  method was deve loped  in  th e  p e r io d  between 1920 to  1927, and 
l i t e r a l l y  means h ig h  te m p e ra tu re  s h o r t  t im e  [B u r to n , 1940). In  
t h i s  method raw m ilk  i s  heated to  71 .1°C  [160°F3 o r  h ig h e r  f o r  15 ,5  s 
o r  lo n g e r  [H e r r in g to n ,  19483. Many d i f f e r e n t  ty p e s  o f  equipm ent a re  
used in  t h i s  method such as p la te  hea t exchange rs , tu b u la r ,  and 
scraped s u r fa c e  h e a te rs  e tc .
R e c e n tly  in  th e  A nnual S ess ion  o f  th e  IDF in  S w itz e r la n d , A shton  e t . a l ,  
[19793 d e f in e d  p a s te u r iz a t io n  as a p ro cess  w h ich  in v o lv e s  h e a tin g  a 
p ro d u c t to  a te m p e ra tu re  o f  le s s  th a n  10G°C f o r  a t im e  s u f f i c i e n t  to  
re n d e r i t  b a c t e r io lo g ic a l ly  sa fe  f o r  human consum p tion . They add 
t h a t ,  in  th e  case o f  l i q u id  m i lk  f o r  human consum ption , an a p p ro p r ia te  
hea t tre a tm e n t would be 72°C f o r  15 s o r  an e q u iv a le n t  t im e /  
te m p e ra tu re  c o m b in a tio n . In  p r a c t ic e  th e  p rocess  shou ld  be such as 
to  s a t is f y  a t e s t  such as th a t  d e s c r ib e d  in  th e  ID F /F IL  [19743 f o r  
th e  absence o f  phospha tase . In  c e r ta in  c o u n t r ie s ,  t im e /te m p e ra tu re  
c o m b in a tio n s  a re  p e rm it te d  t h a t  w i l l  ensure  th e  d e s t r u c t io n  o f  th e  
p e ro x id a s e  enzyme. F o r l i q u id  m i lk  f o r  human co nsum p tion , 
p a s te u r iz a t io n  shou ld  be fo l lo w e d  by im m ed ia te  c o o lin g  and packag ing  
in  such a manner as to  m in im iz e  p o s t - p a s te u r iz a t io n  c o n ta m in a tio n .
P a s te u r iz e d  m i lk  w h ich  is  p roduced in  S co tla n d  by t h i s  method shou ld  
be heated to  n o t le s s  tha n  71.7^C  C161.5°F) and n o t more th a n  
78.3°C  C173°F] f o r  n o t le s s  tha n  15 s . The m i lk  shou ld  be co o le d  
im m e d ia te ly  to  n o t more th a n  7 .2°C  C45°F3. The a p p a ra tu s  shou ld  be 
p ro v id e d  w ith  a d e v ic e  [ f lo w  d iv e r io n  v a lv e ]  w h ich  w i l l  a u to m a t ic a l ly  
p re v e n t any m ilk  w h ich  has n o t reached a te m p e ra tu re  o f  71.7°C  
C161.5°F) fro m  f lo w in g  in t o  th e  c o o le r  [The M ilk [S p e c ia l  D e s ig n a t io n ] 
[S co tla n d ] G rd e r, 1 96 5 ],
2. Methods o f  p ro c e s s in g .u s e d  f o r  UHT m ilk
UHT tre a tm e n t i s  a p ro cess  a p p lie d  to  a p ro d u c t in  c o n tin u o u s  f lo w  ;
w ith  th e  o b je c t  o f  d e s tro y in g  a l l  m ic ro -o rg a n is m s , o r  a t  le a s t
i n h ib i t i n g  th e  g ro w th  o f  any r e s id u a l m ic ro -o rg a n is m s , by a h ig h  
te m p e ra tu re  [n o t  le s s  th a n  1 3 2 ° C ]/s h o r t  t im e  [n o t  le s s  th a n  0 .5  s) 
hea t tre a tm e n t w h ich  g iv e s  minimum c h e m ic a l, p h y s ic a l and o rg a n o le p t ic  
changes in  th e  p ro d u c t in  r e la t io n  to  th e  s e v e r i t y  o f  th e  hea t t r e a t ­
ment re q u ire d  [ ID F /F IL ,  1 9 8 0 ].
The methods o f  p ro c e s s in g  used f o r  UHT m ilk  a re :
a ] D ir e c t  h e a tin g  method
In  t h i s  method raw m i lk  i s  heated to  te m p e ra tu re s  in  th e  range o f  
135 to  150°C w ith  a h o ld in g  t im e  o f  a few  seconds fo l lo w e d  by a s e p t ic  
f i l l i n g  o f  th e  co o le d  m i lk  [B u r to n , 1 9 7 7 ]. However, B a l l  [1977 ] 
re p o r te d  th a t  th e  'd i r e c t '  method i s  to  hea t th e  raw m ilk  to  80°C 
by e i t h e r  vapour o r  some fo rm  o f  re g e n e ra t io n ,  a f t e r  w h ich  i t  passes 
th ro u g h  a b o o s te r  pump b e fo re  steam in je c t io n  ra is e s  th e  te m p e ra tu re  
fro m  145 to  15Q°C, A f t e r  a h o ld in g  p e r io d  o f 2-5  s , th e  m ilk  i s
f la s h  coo led  to  8Q°C, th e n  homogenized a s e p t ic a l ly  and f u r t h e r  co o le d
to  a te m p e ra tu re  o f  abou t 2Q°C when th e  m i lk  i s  packaged. The above 
method u t i l i s e s  steam in je c t io n  in t o  th e  m ilk  o r  v ic e  v e rs a . Steam 
is  n o rm a lly  used as th e  h e a tin g  medium in  t h i s  method (A g ga rw a l,
1974; B u rto n , 1 9 7 7 ],
b] I n d i r e c t  h e a tin g  method
B a i l  [19773 re p o r te d  th a t  th e  ' i n d i r e c t '  method f o r  p ro d u c in g  a
U H T-product was to  hea t th e  m i lk  to  85°C by re g e n e ra t io n ,  hom ogenize, 
f u r t h e r  heat to  138°C and ho ld  f o r  2 s b e fo re  c o o lin g  e i t h e r  by c o ld  
w a te r , re g e n e ra t io n  and f i n a l  c o ld  w a te r  o n ly ,  to  g iv e  a f i l l i n g  
te m p e ra tu re  o f  a p p ro x im a te ly  20°C, U H T -tem pera tu re , h om ogen iza tion  
te m p e ra tu re  and f i n a l  c o o l in g  te m p e ra tu re s  a re  c o n t r o l le d .
The M ilk  [S p e c ia l D e s ig n a t io n s ] [S c o t la n d ]  Amendment O rder [1966 ] 
s t ip u la te s  t h a t  m i lk  sh ou ld  be re ta in e d  a t  a te m p e ra tu re  o f  n o t le s s  
th a n  1 3 2 .2°C [27 0 °F ] f o r  n o t le s s  th a n  1 s . The a p p a ra tu s  shou ld  
be equ ipped w ith  a d e v ic e  w h ich  s h a l l  a u to m a t ic a l ly  d iv e r t  th e  
f lo w  o f  any m i lk  n o t ra is e d  to  th e  a u th o r is e d  te m p e ra tu re . In d ic a t in g  
and re c o rd in g  the rm om ete rs  sh o u ld  be f i t t e d  where necessary%by th e  
L o ca l A u th o r i t y  and th e  re c o rd in g  the rm om ete r c h a r ts  shou ld  be d a ted  
and kep t f o r  n o t le s s  tha n  3 m onths. Im m e d ia te ly  a f t e r  t re a tm e n t ,  
th e  m i lk  s h a l l  be a s e p t ic a l ly  f i l l e d  in t o  s t e r i l e  r e t a i l  c o n ta in e rs ,
E v e t te [19 7 6 ] re p o r te d  t h a t  th e  equ ipm ent used f o r  U H T -trea tm en t o f  
m i lk  i s  as fo l lo w s :
a ] D ir e c t  h e a tin g  system , t h i s  system  in c lu d e s :
i .  Steam in je c t io n  in t o  th e  m i lk ;  The equ ipm ent used 
w ith  t h i s  system  is  th e  APV U p e r is e r ,  A l fa  L a v a l VTIS , and 
C h e r r y - B u r r e l l  steam in je c t io n ,
i i .  M i lk  in je c t io n  in t o  th e  steam : The equ ipm ent used 
w ith  t h i s  system  is  th e  L a g h u ilh a r re  U H T - S te r i l iz e r ,
Paasch and S ilk e b o rg  p o l a r i s t a t o r ] .
i i i .  F r i c t io n  s t e r i l i z a t i o n  e .g .  [S e ffa c  UF 400 ]
iv .  IR s t e r i l i z a t i o n  [e .g .  A c t in i  UHT]; In  t h i s  a p p a ra tu s  
homogenized m i lk  a t  5G°C i s  heated to  115°C b e fo re  e n te r in g  
th e  IR I r r a d ia t i o n  s e c t io n  where th e  te m p e ra tu re  i s  
in c re a s e d  to  135°C a t  a r a te  o f  2 .4 °C /s , A f t e r  m a in tenance  
a t  t h i s  te m p e ra tu re  f o r  15 s in  a h ig h  tu rb u le n c e  tu b u la r  
h o ld e r ,  th e  m i lk  i s  co o le d  by re g e n e ra t io n ,
b ] I n d i r e c t  h e a tin g  system ; w ith  t h i s  system  th e  equipm ent
in c lu d e s :
i .  T u b u la r  hea t exchangers [e .g .  th e  com m erc ia l equ ipm ent 
fro m  S to rk ,  S te r id e a l C h e r r y - B u r r e l l ,  S p ira th e rm  e t c . ) .
i i ,  P la te  hea t exchangers  (e .g .  S o rd i s t e r ip la k ,  A h lb o rn  
IMS, APV U lt r a m a t ic  and A l fa  L ava l T h e rm o du le ).
B u rto n  [19 7 7 ] summarized th e  s t e r i l i z a t i o n  methods w h ich  a re  used to  
s t e r i l i z e  U H T -m ilk  c o n ta in e rs .  These methods a re , su pe r heated 
steam , hydrogen p e ro x id e  w ith  h e a t, a lc h o h o ls  and s t e r i l e  a i r .  He 
in d ic a te d  a ls o  th a t  th e  f i l l i n g  m ethods used w ith  U H T -m ilk  a re  f lo w  
volume de te rm ine d  by t im e , f lo w  volume de te rm ine d  by c a r to n  and 
v o lu m e tr ic  m ethods.
3. Method o f  p ro c e s s in g  used f o r  s t e r i l i z e d  m i lk
S t e r i l i z a t i o n  i s  a p rocess  a p p lie d  to  a p ro d u c t w ith  th e  o b je c t  o f  
d e s tro y in g  a l l  m ic ro -o rg a n is m s , d r  a t  le a s t  i n h ib i t i n g  th e  g ro w th  
o f  any re s id u a l m ic ro -o rg a n is m s  by hea t tre a tm e n t a t  a te m p e ra tu re  
exceed ing  100°C> [ ID F /F IL ,  1 98 0 ).
The methods o f  p ro c e s s in g  used f o r  s t e r i l i z e d  m ilk  a re :
a) B atch  method
In  t h i s  method th e  m ilk  i s  p re h e a te d , hom ogenized, and f i l l e d  in t o  
b o t t le s  p r io r  to  s t e r i l i z a t i o n  by th e  b a tch  method u s in g  a te m p e ra tu re  
in  th e  range o f  104 to  110°C f o r  30 to  40 m in a f t e r  w h ich  th e  b o t t le s  
a re  removed and l e f t  to  c o o l (N a t io n a l D a iry  C o u n c il»  19743. A sh ton  
and Romney [1979 3 re p o r te d  th a t  th e  p rocess  o f  b a tch  s t e r i l i z a t i o n  
can be c a r r ie d  o u t by th re e  m ethods:
i .  in  s ta c k s  o f  c ra te s  in  a s t a t i c  p re s s u re  v e s s e l 
[a u to c la v e  3,
i i .  in  a cage w h ich  can be ro ta te d  w i t h in  a s t a t i c  p re s s u re  
v e s s e l [a u to c la v e ]  o r ,
i i i .  in  a r o ta r y  p re s s u re  v e s s e l (a u to c la v e ) .
b ] C on tinuous  method
In  t h i s  method th e  f i l l e d  b o t t le s  a re  fe d  on to  a conveye r b e l t
th ro u g h  h o t w a te r ta n ks  in t o  a steam chamber u s in g  te m p e ra tu re s  in  
th e  ra i 
19743.
nge  o f  107 to  11G°C f o r  30 to  40 m in (N a t io n a l D a iry  C o u n c il,
R idgway (1970 3 re p o r te d  th a t  s t e r i l i z e d  m ilk  was p rocessed  by 
p re h e a tin g  th e  m i lk  in  a p la te  hea t exchanger to  41.7°C  C107°F) a f t e r  
w h ich  th e  m ilk  was homogenized and f i l l e d  in t o  b o t t le s ,  se a led  and 
heated to  107 .2  to  1 1 2 .8°C (2 2 5 .to  235°F3 f o r  30 to  40 m in in  a 
b a tch  o r  c o n tin u o u s  s t e r i l i z e r .
The M ilk  (S p e c ia l D e s ig n a t io n s ](S c o t la n d )  O rder (19653 s t ip u la te s  
th a t  s t e r i l i z e d  m i lk  sh o u ld  be heated to  a te m p e ra tu re  o f  n o t le s s  
than  100°C (212°F ) f o r  such a p e r io d  as to  ensure  t h a t  i t  w i l l  
com ply w ith  th e  t u r b i d i t y  t e s t .  The m ilk  shou ld  be t re a te d  in  
capped b o t t le s ,  so th a t  on c o m p le t io n  th e y  a re  h e r m e t ic a l ly  s e a le d . 
The a p p a ra tu s  in  w h ich  th e  m i lk  i s  s t e r i l i z e d  sh ou ld  be approved 
by th e  Loca l A u th o r i t y ,  Thermometers and p re s s u re  gauges shou ld  
be in s t a l le d  in  s u i ta b le  p la c e s .
S tandards and le g a l re q u ire m e n t
The m i lk  (S p e c ia l D e s ig n a t io n ](S c o t la n d  1 O rder (1965 and 1976] 
s t ip u la te s  th a t
a ] p a s te u r iz e d  m ilk  sh ou ld  be coo led  to  7 .2 °C  o r  lo w e r, have
10 m icrogram s o r  le s s  o f  p - n it r o p h e n o l p e r m l, in  th e  phosphatase  
t e s t ,  and c o l i f o r m  o rgan ism s must be a bsen t in  1 /1000 m l.
b ] S t e r i l i z e d  m i lk  must g iv e  a n e g a tiv e  r e a c t io n  when te s te d  
f o r  t u r b i d i t y .
c ] UHT m ilk :  th e  c o lo n y  co u n t on y e a s t r a l  m i lk  agarCYMA] must
n o t exceed 1 ,0 0 0 /m l a f t e r  s to ra g e  f o r  24 h a t  30°C (1 ml o f  
d i l u t i o n  p la te d  in  d u p l ic a te  on YMA a t  30°C3.
In  England and W ales, th e  h a l f - h o u r  m e thy lene  b lu e  t e s t  was th e  
o f f i c i a l  t e s t  p re s c r ib e d  by th e  M ilk  (S p e c ia l D e s ig n a t io n ]  R e g u la t io n  
(19633 f o r  p a s te u r iz e d  m i lk .  The m i lk  is  aged by s to r in g  a t  
a tm o sp h e ric  shade te m p e ra tu re  from th e  t im e  o f  a r r i v a l  in  th e
la b o ra to ry  u n t i l  t e s t in g  a t  09 .30  h on th e  fo l lo w in g  day . D u rin g  
th e  w in te r  months [1 November to  30 A p r i l ]  s to ra g e  o v e r n ig h t  [1700 to  
0930] i s  a t  18 .3  ± 1 .1°C [65 ± 1 ° F ].  Samples a re  rega rded  as 
s a t is fa c to r y  p ro v id e d  th e  m e thy lene  b lu e  i s  n o t d e c o lo r is e d  a f t e r  
30 m in a t  37-36°C .
The le g a l re q u ire m e n ts  f o r  hea t p rocessed  m i lk  w h ich  were p re s c r ib e d  
by The M ilk  and D a ir ie s  [C hannel Is la n d s  and South Devon M ilk ]  
R e g u la t io n s  [1 9 5 6 ],  EEC R e g u la t io n  C l971 and 1976],. and UK D r in k in g  
R e g u la t io n s  [1976 ] a re :
a . Whole h e a t - t re a te d  m ilk  [home p ro d u c t io n ] ;  3 p e r c e n t o f  
f a t  is  th e  le g a l minimum. '
b . Whole h e a t - t re a te d  m ilk  [ im p o r te d ]  3 .84  p e r c e n t o f  f a t  is  
th e  le g a l minimum.
c . . Semi-skimmed m i lk :  1 .5  and 1 .8  p e r ce n t o f  f a t  a re  th e
le g a l minimum and maximum r e s p e c t iv e ly .
d-. Skimmed m i lk :  0 .3  p e r c e n t o f  f a t  i s  th e  le g a l maximum.
e. Channel Is la n d s  and South Devon m ilk :  4 p e r c e n t o f  f a t  is
th e  minimum.
I n d u s t r ia l  p ro ced u re s  in c lu d in g  s to ra g e  o f  m i lk  b e fo re  and a f t e r  
p ro c e s s in g , d i s t r i b u t io n  and r e t a i l i n g  p a t te rn s
1. S to rage  o f  m i lk  b e fo re  p ro c e s s in g
The te m p e ra tu re  o f  th e  m i lk  a f t e r  m i lk in g  is  u s u a lly  n e a r ly  th e
te m p e ra tu re  o f  th e  cow. So, i f  th e re  a re  co n ta m in a n ts  p re s e n t th e  
m ilk  becomes sou r v e ry  q u ic k ly  i f  i t  i s  n o t c o o le d . T h e re fo re  i t  
m ust be co o led  im m e d ia te ly  a f t e r  m ilk in g  to  a low  te m p e ra tu re . Many 
in v e s t ig a to r s  have s tu d ie d  th e  c o n d it io n  o f  th e  m i lk  b e fo re  p ro c e s s in g  
and th e  fa c to r s  w h ich  a f f e c t  th e  q u a l i t y  o f  m i lk .
In  1959, i t  was fou n d  th a t  s to ra g e  o f  m ilk  b e fo re  p ro c e s s in g  a t  a low
te m p e ra tu re  i s  an im p o r ta n t f a c t o r  w h ich  has an e f f e c t  on th e  Keeping 
q u a l i t y  o f  th e  p ro d u c ts . The m ilk  sh ou ld  be co o led  q u ic k ly  to  a v o id  
th e  g ro w th  o f  p s y c h ro tro p h ic  b a c te r ia  w h ich  a re  m a in ly  c a s e o ly t ic .
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l i p o l y t i c .  G ra m -n e g a tive  ro d s  and c o li-a e ro g e n e s  o rgan ism s and 
grow in  raw m ilk  s to re d  a t  3-5°C  f o r  th re e  days (Thomas e t . a l . ,
(1 9 5 9 ].
Thomas and Druce [1963] found  th a t  P seudomonas sp e c ie s  p redom ina ted  
amongst th e  235 p s y c h r o p h i l ic  b a c te r ia  is o la te d  from  raw m ilk  a f t e r  
s to ra g e  a t  3 to  5°C f o r  th re e  d a ys . F ra n k lin  [1969 ] in d ic a te d  th a t  
th e  in c re a s e  in  g ro w th  o f  p s y c h ro tro p h s  in  raw m ilk  d u r in g  c o l le c t io n  
and s to ra g e  b e fo re  p ro c e s s in g  i s  due C i] to  th e  in c re a s in g  use o f  
r e f r ig e r a te d  b u lk  ta n k s  on th e  f a r m s ,C i i ]  to  a lte r n a te - d a y  c o l le c t io n  
o f  e x -fa rm  m ilk  and [ i i i ]  to  th e  la rg e  q u a n t i ty  o f  m i lk  s to re d  a t  
d a i r ie s .  He fou n d  th a t  many s t r a in s  o f  p s y c h ro tro p h s  p roduce ‘
l i p o l y t i c  and p r o te o ly t ic  enzymes d u r in g  th e  lon g  s to ra g e  a t  low  
te m p e ra tu re  and f i n a l l y  the se  enzymes produce  u n d e s ira b le  o f f - f l a v o u r s  
in  th e  m i lk  a f t e r  p ro c e s s in g  because th e y  a re  n o t a l l  d e s tro y e d  by 
p a s te u r iz a t io n ,
C raw fo rd  [1967 ] .obse rved  th a t  a l t e r n a te  day c o l le c te d  ta n k e r  m ilk  o f  
good q u a l i t y  c o u ld  be h e ld  a t  5°C a t  th e  cream ery f o r  one day w ith  
v e ry  l i t t l e  in c re a s e  in  th e  b a c te r ia l  c o n te n t ,  b u t on h o ld in g  a t  t h i s  
te m p e ra tu re  f o r  a second day, th e  b a c te r ia l  numbers in c re a s e d  s h a rp ly .
In  a n o th e r s tu d y  in  1969, i t  was found  th a t  th e  p s y c h ro tro p h ic  co un t 
o f  raw m i lk ,  s to re d  a t  7 .2°C  f o r  3 d ays , in c re a s e d  1 0 - fo ld  w h ile  th e  
c o l i fo r m  co un t doub led  and th e rm o d u r ic  and e n te ro c o c c i.  co un ts  rem ained 
unchanged [H a r t le y ,  e ;t. , 1 9 6 9 ].
Von Qockelmann [1969 ] made d a i ly  e x a m in a tio n s  f o r  up to  th re e  days o f  
raw m ilk  s to re d  a t  5°C in  10,000 1 ta n k s  a t th e  c re a m e ry . He found 
th a t  th e  average t o t a l  c o lo n y  c o u n t p e r ml a t  3G°C f o r  one, two and 
th re e  days r e s p e c t iv e ly  o f c o ld  s to ra g e  were 1 .6  x 10®, 3 .8  x 10® 
and 17.0  x 10®; th e  average  p s y c h ro tro p h ic  c o u n t p e r ml was 0 ,4  x 10®, 
2.1 X 10® and 11 .0  x 10®; t h e - c o l i f o r m  coun t p e r m l was 87x10®,
230 X 10® and 780 x 10® and th e  th e rm o d u ric  co u n t p e r ml was 45 x 10®,
45 X 10'®' and 55 x 10®. He conc luded  th a t  m ilk  c o n ta in in g  < 10® 
b a c te r ia  p e r ml w ith  < 50 p e r c e n t o f th e  organ ism s be ing  p s y c h ro tro p h s , 
c o u ld  be s a t i s f a c t o r i l y  c o ld - s to r e d  a t  5°C f o r  2 -3  days b e fo re
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p a s te u r iz a t io n .
Thomas [1974] re p o r te d  t h a t  th e  b u lk  c o l le c te d  m ilk  sampled from  
t r a n s p o r t  ta n k e rs  on a r r i v a l  a t  th e  cream ery u s u a lly  has a h ig h e r  
t o t a l  b a c te r ia l  c o n te n t th a n  th a t  o f  m ilk  sampled fro m  ta n ks  a t  th e  
tim e  o f  c o l le c t io n .  T h is  in c re a s e  i s  m a in ly  due to  p s y c h ro tro p h s  
d e r iv e d  from  the  road  ta n k e rs  and th e  a n c i l la r y  f i l l i n g  and pumping 
e qu ipm ent.
In  1975, i t  was found  t h a t  r e f r ig e r a t io n  d i r e c t l y  a f t e r  m ilk in g  has 
an e f f e c t  on th e  h y g ie n ic  q u a l i t y  o f  raw m i lk .  I t  appeared in  th e  
same s tu d y  th a t  th e  b a c te r ia l  g ro w th  was ve ry  s lo w  d u r in g  th e  f i r s t  ‘ 
48 h o f  s to ra g e  a t  5°C o r  7°C . A ra p id  g ro w th  o f  p s y c h r o p h i l ic  
b a c te r ia  o c c u rre d  a f t e r  48 h a t  7°C and 72 h a t  5°C [V u k e lic  e ^ . a l . ,
1 9 7 5 ].
2. S to rage  o f  m i lk  a f t e r  p ro c e s s in g
a ] . P a s te u r iz e d  m ilk
I t  i s  v e ry  im p o r ta n t  to  h o ld  p a s te u r iz e d  m ilk  a t  low  te m p e ra tu re  
a f t e r  p ro c e s s in g  b e c a u s e ,in  t h i s  ty p e  o f  m i lk ,n o t  a l l  th e  m ic ro ­
o rgan ism s and spores have been d e s tro y e d . T h e re fo re  i t  m ust be 
k e p t a t  a c o ld  te m p e ra tu re  u n t i l  i t  has reached th e  consum er.
Many s tu d ie s  have been done on th e  s to ra g e  o f  hea t p rocessed  m ilk s  
and th e  e f f e c t  o f  t h i s  p ro c e s s in g  on th e  q u a l i t y  o f  the. m i lk .
Hempler [1955 ] found  t h a t  s t r a in s  o f  Achrom obacter^.Pseudomonas and 
A lc a lig e n e s  p re dom ina ted  in  c o m m e rc ia lly  p a s te u r iz e d  m i lk  s to re d  
a t  7°C f o r  2 to  5 d ays . The p s y c h r o p h i l ic  co u n t had in c re a s e d  
s l i g h t l y  in  two days, and r a p id ly  a f t e r  the  t h i r d  d ay . H igh co un ts  
o f  p s y c h r o p h i l ic  b a c te r ia  were found  in  p a s te u r iz e d  m i lk  s to re d  
a t  7 .2 °C  [4 5 °F ] f o r  5 days [ E l l i k e r  e t .  , 1 9 6 4 ]. C ib l i s  [1965 ] 
found  th a t  s t r e p to c o c c i p re do m in a ted  in  p a s te u r iz e d  m ilk  p repa red  
by th e  HTST method and s to re d  a t  10 to  15°C. B ut when th e  
p a s te u r is e d  m ilk  was s to re d  a t  5°C th e re  was a la rg e  number o f  
p s y c h r o p h i l ic  s h o r t  ro d s  p re s e n t,  Maxcy [1956] dem onstra ted  th a t
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th e  s p o ila g e  o f  p a s te u r iz e d  m ilK  s to re d  f o r  14 to  21 days a t  5°C was 
due to  G ram -nega tive  o rg an ism s. In  a s tu d y  on s to ra g e  s t a b i l i t y  o f  
com m erc ia l m i l K , i t  was found  th a t  summer p a s te u r iz e d  m i lk  had tw ic e  
th e  s h e l f - l i f e  o f  w in te r  m i lk .  Summer p a s te u r iz e d  m i lk  s to re d  a t  
0°C C32°F] was a c c e p ta b le  f o r  4 ,4  weeks [F in le y  e t . a l . , 1968 3,
Mourgues and A u c la i r  [19693 s tu d ie d  th e  e f fe c t  o f  s to r in g  c o m m e rc ia lly  
p a s te u r iz e d  m i lk  a t 4 , 6 and 8°C. They found  th a t  th e  average t o t a l  
co un ts  a f t e r  8 days a t  th e se  te m p e ra tu re s  were 3 .0 2 , 31 .5  and 188 
m i l l io n  p e r m l r e s p e c t iv e ly .  However, w ith  o th e r  samples o f  pas ­
te u r iz e d  m i lk  w h ich  had a h ig h  q u a l i t y  [ i n i t i a l  t o t a l  co un t 9^350 p e r
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m l3 a f t e r  th e  same c o n d it io n s  o f s to ra g e  were 3 1 ,2 00 , 390,000 and 
8 ,1 0 0 ,0 0 0  p e r  m l. They found  th a t  th e  f la v o u r  d e fe c ts  o cc u rre d  in  
th e  samples when th e  p s y c h r o p h i l ic  co un ts  were 2 to  120 m i l l i o n  p e r 
m l.
Tormo Ig u a c e l e ^ . _al . [ 1 9 7 1 3  found  th a t  th e  lo g  t o t a l  co un t p e r  m l 
o f  p a s te u r iz e d  m i lk  packaged in  c a r to n s  and p la s t ic s  b o t t le s  and 
s to re d  a t 5 and 1Q°C r e s p e c t iv e ly  in c re a s e d  fro m  3 ,7 7  to  5 .79  and
6 .8 9 , ■ They found c o l i f o r m b a c te r ia  a f t e r  f o u r  days in  fo u r  samples 
s to re d  a t  5°C and s ix  samples s to re d  a t 10°C, They i d e n t i f i e d  two 
E s c h e r ic h ia  c o l i , th re e  A e ro b a c te r  aerogenes and one in te rm e d ia te  
s p e c ie s .
C re d it  e t . a l , , [1972 3 in d ic a te d  th a t  th e  p rob lem  in  p a s te u r iz e d  
m i lk  s to re d  f o r  a lo n g  t im e  a t  4 ,5 °C  was p s y c h ro tro p h ic  b a c i l l i ,  
w h ich  can p roduce  o f f - f l a v o u r s  in  p a s te u r iz e d  m i lk .
In  1973, p a s te u r iz e d  m i lk  was s to re d  a t  4 and 8°C. The t o t a l  coun t 
g ra d u a lly  decreased and was fo l lo w e d  by a r a p id  in c re a s e . O f f -  
f la v o u r  d e fe c ts  appeared a f t e r  t h i r t y  and te n  days a t th e  two 
te m p e ra tu re s  r e s p e c t iv e ly .  The o rgan ism s w h ich  were re s p o n s ib le  
f o r  f la v o u r  d e fe c ts  were B a c i l lu s  c e re u s . B a c i l lu s  l ic h e n i fo r m is  and 
M ic ro b a c te r iu m  sp e c ie s  [Mourgues and A u c la i r ,  1973 3. A f te r  two 
ye a rs  th e se  in v e s t ig a to r s  found  t h a t  th e  te m p e ra tu re  o f  s to ra g e  f o r  
p a s te u r iz e d  m i lk  shou ld  be near to  0°C because p a s te u r iz e d  m i lk  s t i l l
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c o n ta in e s  s p o r u la t in g  b a c te r ia .m a in ly  B. ce reus  , w h ich  s u rv iv e  hea t 
tre a tm e n t and may grow  under r e f r ig e r a te d  c o n d it io n s  caus ing  
d e te r io r a t io n  and o f f - f l a v o u r s  [M ourgues and A u c la i r ,  19753.
Washam e t . a l , ,  [1977 3 is o la te d  700 c u ltu r e s  o f  p s y c h ro tro p h ic  b a c te r ia  
fro m  227 p a s te u r iz e d  m i lk  sam ples w h ich  had a s h e l f  l i f e  o f  > 20 days 
a t  7 .2 °C . They fou n d  th a t  135 c u ltu r e s  were r e s is t a n t  to  h e a tin g  a t 
72°C f o r  16 s and were a b le  to  r e - e s ta b l is h  g ro w th  a t  7 .2 °C . The 
genus B a c i l lu s  o c c u rre d  m ost f r e q u e n t ly .  The n o n -s p o r in g  ty p e s  were 
ass ig ne d  to  th e  genera  A r th r o b a c te r , M ic ro b a c te r iu m , S tre p to c o c c u s  
and C o ryn e b a c te r iu m .
B ecker e t . a l , [1977 3 fo u n d  t h a t  th e  s to ra g e  l i f e  o f  p a s te u r iz e d  
m ilk  a t  10°C was much s h o r te r  th a n  a t 5°C b u t i t  d id  n o t f a l l  be low  
5 days . They conc luded  t h a t  th e  m a jo r f a c to r s  a f f e c t in g  th e  keep ing  
q u a l i t y  o f  p a s te u r iz e d  m i lk  were p o s t p a s te u r iz a t io n  c o n ta m in a tio n  
and s to ra g e  te m p e ra tu re ,
b3 UHT M ilk
UHT m ilk  a f t e r  p ro c e s s in g  c o u ld  be d e te r io ra te d  by th e  m ic ro -o rg a n is m s  
w h ich  e i t h e r  s u rv iv e  th e  UHT tre a tm e n t o r  by p o s t s t e r i l i z a t i o n  
c o n ta m in a tio n . F ra n k l in  [19703 found  t h a t  a s t r a in  o f  B, 
ce reus produced spores w h ich  would s u rv iv e  135°C f o r  4 h.
The o th e r  l im i t a t io n  to  th e  s to ra g e  l i f e  o f  UHT m i lk  a f t e r  p ro c e s s in g  
i s  th e  c o a g u la t io n  a f t e r  p ro lo n g e d  s to ra g e  w h ich  is  caused by th e  
s low  a c t io n  o f  p r o t e o ly t i c  enzymes produced by some Pseudomonas 
sp e c ie s  in  c o ld  s to ra g e  b e fo re  p ro c e s s in g  [B e n g tsso n , Gardhage and 
Is a k s s o n , 19733.
B u rto n  [19773 re p o r te d  th a t  p o s t s t e r i l i z a t i o n  i s  a g re a te r  danger 
w h ich  a f f e c t s  th e  l o n g - l i f e  o f  UHT m i lk .  T h is  may o c c u r e i t h e r  
th ro u g h  in a d e q u a te  p la n t  c le a n in g  and s t e r i l i z a t i o n ,  th ro u g h  d i r e c t  
a tm o sp h e ric  c o n ta m in a tio n , o r  th ro u g h  th e  a s e p t ic  hom ogen izer.
c 3 S t e r i l i z e d  m ilk  
F ra n k l in  (19703 in d ic a te d  th a t  th e  f a i l u r e  le v e l  o f  w e l l  produced
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s t e r i l i z e d  m i lk  d u r in g  s to ra g e  was abou t 5-10 p e r c e n t .  He s ta te d  
t h a t  t h i s  f a i l u r e  ra te  was due to  la rg e  numbers o f  th e rm o - to le ra n t  
spore  c o n ta m in a tio n  a r is in g  from  f a u l t s  in  th e  c o n ta in e rs ,
A shton  and Romeny C l9793 re p o r te d  th a t  s t e r i l i z e d  m i lk  sh ou ld  be s to re d  
a t  a m oderate te m p e ra tu re , between 10-15°C C50-60°F3 in  a manner w h ich
would p e rm it  d a i ly  e x a m in a tio n  f o r  f a u l t y  c o n ta in e rs ,  w h ich , i f  p re s e n t ,  
shou ld  be rem oved. They a d v ise d  t h a t  th e  s to ra g e  a rea  sh ou ld  be
washed a t  le a s t  once p e r week.
3. D is t r ib u t io n  and r e t a i l i n g  p a t te rn s
M ilk  i s  u s u a lly , d is t r ib u t e d  d i r e c t  t o  consumers o r  by sub-b ranches  o f  
th e  same f i r m  o r  t o  in d ep e nd e n t r e t a i l e r s  [N a t io n a l D a iry  C o u n c il,
19743. S to ra g e  o f  p a s te u r iz e d  m i lk  a t  low  te m p e ra tu re s  in  shops 
and houses is  a v e ry  im p o r ta n t  f a c t o r  in  th e  q u a l i t y  o f  p a s te u r iz e d  
m i lk  a f t e r  i t  has been d is t r ib u t e d .  In  1969, th e  p o o re s t q u a l i t y  o f  
p a s te u r iz e d  m i lk  fro m  r e t a i l  sou rces  was o b ta in e d  from  shops w ith o u t  
r e f r ig e r a t io n  [M c L a rty  and Robb, 1969 3,
Labuschagne e t . a l , , [19713 re p o r te d  th a t  b o t t le d  m ilk  must be 
d e l iv e re d  a t a te m p e ra tu re  o f  n o t more th a n  15°C. These in v e s t ig a to r s
found  t h a t  th e  in c re a s e  in  th e  r a te  o f  te m p e ra tu re  between th e  m ilk
and th e  s u rro u n d in g s  was 0.Q 03°C /m in  f o r  a p a r t i a l l y  in s u la te d  v e h ic le .  
T h is  in c re a s e  in  te m p e ra tu re  p roved  u n s u ita b le  f o r  d e l iv e ry ,  o f  m i lk  
below  15^C. They suggested  t h a t  th e  in c re a s e  in  te m p e ra tu re  must be 
no t more th a n  0 .Q 01°C /m in .
Gray [19733 re p o r te d  th a t  a l l  s tag e s  in  d is t r ib u t io n  and h a n d lin g  sh ou ld  
be in  th e  te m p e ra tu re  range 3 .3°C  [38°F3 to  7 .2°C  [45 °F 3 .
M ic r o b io lo g ic a l and o th e r  c o n t r o l  t e s t s  a p p l ie d . to  hea t p rocessed  m ilk s
There a re  many te s ts  [m ic r o b io lo g ic a l  and c h e m ic a l3 w h ich  a re  used to  
d e te c t  th e  c o r re c t  tre a tm e n t o f  hea t p rocessed m ilk s .  These t e s t s ,  
w h ich  a re  a p p lic a b le  to  hea t p rocessed  m ilk s  may be [ i3  s ta tu to r y ,
[ i i 3  a d v is o ry  on N a t io n a l o r  Government le v e l ,  [ i i i 3  a d v is o ry  w i th in
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in d u s t r y ,  o r  [ i v ]  l a id  down by S p e c i f ic a t io n .
1. M ic r o b io lo g ic a l and o th e r  c o n t r o l  t e s t s  a p p lie d  to  p a s te u r iz e d  
m i lk
J a r v ik  [19513 found t h a t  th e  B ac te riu m  c o l i  t e s t  a f fo rd e d  a u s e fu l 
check on th e  e x te n t o f  p o s t p a s te u r iz a t io n  c o n ta m in a tio n  o f  m i lk ,  
th e  absence o f  B a c te riu m  c o l i  in  0.1 ml o f  m i lk  in d ic a t in g  a s a t i s ­
fa c to r y  r e s u l t ,  and th e  absence o f  t h i s  o rgan ism  in  0.01 ml an 
e x c e l le n t  c o n d it io n  o f  c le a n l in e s s .
Feagan [1952 3 used p la te  and c o l i f o r m  c o u n ts , dye re d u c t io n  te s ts  
[m o d if ie d  m ethylene b lu e  and te s a z u r in 3  th e  a lc o h o l t e s t  and keep ing  ‘ 
q u a l i t y  te s t s  to  exam ine sam ples o f  p a s te u r iz e d  m ilk ,  w h ich  were a l l  
s to re d  a t  1B°C [64 ,5 °F 3  f o r  18 h. He found th a t  th e  dye re d u c t io n  
te s t s  and a lc o h o l t e s t  were th e  most r e l ia b le  f o r  th e  d e te rm in a t io n  
o f  th e  keep ing  q u a l i t y  o f  p a s te u r iz e d  m i lk .
Day and Doan [19563 used a té t r a z o l iu m  re d u c t io n  t e s t  to  assess th e  
keep ing  q u a l i t y  o f  p a s te u r iz e d  m i lk .  They found  t h a t  t h i s  t e s t  gave 
u s e fu l r e s u l t s  when th e  m ilk  was s to re d  a t 4 ,4 °C  [40 °F 3 .
Thomasow [1956 3 d e te rm in e d  th e  keep ing  q u a l i t y  o f  p a s te u r iz e d  m ilk  
[H IST and f la s h  methods3 by th e  re s a z u r in  t e s t  [30 m in a t  37°C3, 
and by t a s te ,  s m e ll and c o l i f o r m  t i t r e .  He found  a g e n e ra l 
r e la t io n s h ip  between th e  keep ing  q u a l i t y  o f  th e  p a s te u r iz e d  m i lk  and 
th e  t o t a l  coun t b u t n o t between th e  keep ing  q u a l i t y  and th e  c o l i fo r m  
t i t r e .  However, McCallum [1960 3 re p o r te d  th a t  th e  p re s u m p tiv e  
c o l i fo r m  t e s t  was th e  most r e l ia b le  f o r  d e te c t in g  p o o r q u a l i t y  o f  
p a s te u r iz e d  m i lk  d u r in g  1956-1959 in  Glasgow, S c o tla n d . He found  
t h i s  r e s u l t  a f t e r  a com parison  between th e  p re su m p tive  c o l i fo r m  t e s t ,  
re s a z u r in  t e s t  and p s y c h r o p h i l ic  c o u n t.
The M ilk  [S p e c ia l D e s ig n a t io n s 3[S co tla n d 3  O rders [1965 and 19763 
s t ip u la te s  th a t  any samples o f  m i lk  ta ke n  a f t e r  p a s te u r iz a t io n  
sh ou ld  be
a3 s u b je c te d  to  th e  phospha tase  t e s t  and g iv e  - a re a d in g  n o t 
exceed ing  10 m icrog ram s o f  p -n it ro p h e n o l p e r  ml o f  m i lk ,  and
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b] found  to  c o n ta in  no c o l i f o r m  organ ism s in  1 /1000 ml o f  m i lk .
E l l i k e r  a l .  [19640 re p o r te d  th a t  th e  p s y c h r o p h i l ic  co u n t was a
more s e n s i t iv e  method th a n  th e  c o l i f o r m  t e s t  f o r  a s s e ss in g  p o s t 
p a s te u r iz a t io n  c o n ta m in a tio n .
In  t h e i r  s tud y  on th e  b a c te r io lo g ic a l  q u a l i t y  o f  p a s te u r iz e d  m ilk  
from  a r e t a i l  sou rce  in  E d inb u rg h  [S c o t la n d ) ,  M cLa rty  and Robb (1969) 
used th e  b a c te r ia l  c o u n t [Y M A ),the  V io le t .  Red B i le  Agar [VRBA) t e s t ,  
th e  Most P robab le  Number (MPN) t e s t ,  and th e  A s ch a ffe n b u rg  and M u lte n  
phosphatase  t e s t .
Cox [19703 summarised a d v is o ry  b a c te r io lo g ic a l  t e s t s  f o r  p a s te u r iz e d  
m ilk :
a) p re su m p tive  c o l i f o r m  t e s t ;
[ i3  D ir e c t  sample -  c o l i fo r m  must be absen t in  1 m l.
[ i i 3  In cu b a te d  sample -  c o l i f o r m  must be a bsen t in  1 m l.
b) p la te  co un t [30°C 3:
IMo s ta n d a rd  [<  3 0 ,000 /m l n o te d ) .
c 3 keep ing  q u a l i t y  t e s t s :
[ i3  H igh te m p e ra tu re  Keeping q u a l i t y  [24  h/26°C3
[13 D ir e c t  sample -  < ^0 ,2  p e r c e n t a c id i t y ,  and 
[23 L a b o ra to ry  p a s te u r iz e d  -  < 0 . 2  p e r ce n t a c id i t y ,
[ i i 3  M e thy lene  B lue  R e d u c tio n  t e s t :
[13 S ta tu to r y  t e s t  -  > & h re d u c t io n  tim e
[23 A f te r  48 h in c u b a t io n  -  > & h re d u c t io n  t im e .
He re p o r te d  th a t  th e  f a i l u r e  o f  any o f  these  te s ts  can be fo llo w e d  up 
to  show w he the r [ a 3 poo r q u a l i t y  raw m ilk  [b3 p la n t  c o n ta m in a tio n  o r  
[ c 3 i n e f f i c i e n t  p a s te u r iz a t io n  a re  re s p o n s ib le  f o r  p o t e n t ia l l y  poo r 
keep ing  q u a l i t y .
W atrous _et. a l . [19713 assessed th e  keep ing q u a l i t y  o f  p a s te u r iz e d  
m ilk  by th e  s ta n d a rd  p la te  c o u n t, c o l i f o r m  c o u n t, and p s y c h ro tro p h ic
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c o u n t. A l l  th e se  te s ts  had been used w ith  c o m m e rc ia lly  and 
la b o ra to r y  p a s te u r iz e d  samples h e ld  a t  4 .4  and 7 .2°C  f o r  0, 5 and 
10 d ays . In  a n o th e r s tu d y  in  1971, i t  was found  th a t  th e  t o t a l  
co un t was n o t s ig n i f i c a n t l y  r e la te d  to  th e  keep ing  q u a l i t y  t e s t  
•[assessed by u s in g  68 p e r c e n t [V /v ]  a lc o h o l a f t e r  p re - in c u b a t io n  
a t  1 8 ° C ,fo r  18, 21 and 24 h) on p a s te u r iz e d  m i lk .  However, 
p s y c h ro tro p h ic  and c o l i f o r m  co u n ts  showed a c o r r e la t io n  c o e f f i c ie n t  
o f  0 .7259 and 0.7266 r e s p e c t iv e ly  [J o o s te  and G ro e n e ve ld , 19713.
Langeve ld  a l . [19763 deve loped  a ra p id  method f o r  th e  d e te c t io n  
o f  p o s t - p a s te u r iz a t io n  c o n ta m in a tio n  in  HTST -  p a s te u r iz e d  m i lk .
In  t h i s  method th e  f i l l e d  package o r  a l in e  sample o f  equa l vo lum e, 
i s  p re - in c u b a te d  f o r  24 h a t  25°C . Then 0,01 ml o f  th e  p re - in c u b a te d  
m i lk  i s  spread on a p la te  c o n ta in in g  p la te  co u n t aga r to  w h ich  100 mg 
o f  B e n z y ld im e th y l-a lK y l ammonium c h lo r id e  50 p e r c e n t aqueous 
s o lu t io n  [B enza lkon  A -50 p e r c e n t)  has been added. I t  i s  conc luded
t h a t  r e - in f e c t io n  has ta ke n  p la c e  i f  c o lo n ie s  have deve loped w ith  a 
24 h in c u b a t io n  p e r io d  a t  30°C. T h is  method i s  id e n t i f i e d  as 
p re - in c u b a t io n  p la te  co u n t Benza lkon  A-50 p e r c e n t [P .I.P C B A 3 .
R e c e n tly , S c h ilh a b e l £ t ,  a l . [19783 suggested a q u a n t i t a t iv e ,  t e s t  to  
d e te rm in e  th e  re c o n ta m in a tio n  in  p a s te u r iz e d  m i lk .  The t e s t  c o n s is ts  
o f  s t re a k in g  d i f f e r e n t  amounts o f  m i lk  [ a f t e r  24 h e n rich m e n t a t  • 
room te m p e ra tu re ) on to  2 :1  p la te  c o u n t: v io le t  re d  b i le  a g a r, and
in c u b a t in g  a t  room te m p e ra tu re  f o r  48 h . The re -c o n ta m in a t io n  t i t r e  
i s  d e te rm ine d  by th e  MPN m ethod. They re p o r te d  th a t  th e  t e s t  w i l l  
d e te c t  re c o n ta m in a tio n  ra te s  o f  a few  b a c te r ia  p e r 100 m l m i lk .
2. M ic r o b io lo g ic a l and o th e r  c o n t r o l  te s ts  a p p lie d  to  UHT m ilk
The ID F /F IL  [1969 3 suggested  s ta n d a rd  te s t s  f o r  UHT m i lk .
a 3 T es ts  to  be done b e fo re  in c u b a t io n  in  one o f  th e  c o n ta in e r /  
sam p les .
[ i 3 S t a b i l i t y  t e s t  w ith  aqueous e th a n o l 68 p e r c e n t Cv/v3
( i i )  T i t r a t a b le  a c id i t y  expressed  as g o f  l a c t i c  a c id
p e r 100 ml o f  m ilk
[ i i i 3  D ir e c t  m ic ro s c o p ic  c o u n t.
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C iv) O rg a n o le p t ic  e x a m in a tio n s : p resence  o r  absence o f
p r e c ip i t a t e ,  se d im e n t, abnorm al odour o r  ta s te .
I f  th e  m ilk  passes th e  e th a n o l s t a b i l i t y  t e s t ,  th e  fo l lo w in g  te s ts  
re q u ir e  to  be done,
b) ‘ T e s ts  to- be done a f t e r  in c u b a t io n  a t  30 ±1°C f o r  14 days 
and 55 ±1°C f o r  7 days (u n de r c o n d it io n s  o f  tem pe ra te : c l im a te ,  
in c u b a t io n  a t  55 ± 1°C can be o m it t e d ) .
C i) S t a b i l i t y  t e s t  w ith  aqueous e th a n o l 68 p e r c e n t ( v / v ) ,  
C i i )  T i t r a t a b le  a c id i t y  expressed  as g o f  l a c t i c  a c id  p e r 
100 ml o f  m i lk .  ’
C i i i )  C o lony c o u n t a c c o rd in g  to  th e  ID F /F IL  (1970) u s in g  an 
in o cu lu m  e q u iv a le n t  to  0 .1  m l o f  m i lk .
C iv ) O rg a n o le p t ic  e x a m in a tio n s : p resence  o r  absence o f
p r e c ip i t a t e ,  se d im e n t, abnorm al odou r o r  t a s te .
c ) S p e c i f ic a t io n  o f  s a t is fa c to r y  sam ple.
C13 B e fo re  in c u b a t io n :  samples must pass th e  e th a n o l
s t a b i l i t y  t e s t .
(23 A f te r  in c u b a t io n :
Ci3 Sample m ust pass th e  e th a n o l s t a b i l i t y  t e s t .
( i i )  T i t r a t a b le  a c id i t y  sh ou ld  n o t d i f f e r  from  what i t  
was b e fo re  in c u b a t io n  by more than  0 .02  expressed  as 
g o f  l a c t i c  a c id  p e r 100 ml o f  m i lk .
C i i i )  C o lony c o u n t sh o u ld  n o t exceed 10 p e r 0.1 ml o f  
m i lk .
C iv ) The odour and ta s te  o f  th e  samples shou ld , n o t be 
d i f f e r e n t  fro m  th a t  n o rm a lly  o b ta in e d  by p ro lon g ed  
in c u b a t io n  o f  UHT m i lk .
( v 3 The p h y s ic a l appearance shou ld  be norm a l and no 
t ra c e  o f  c o a g u la t io n  o r  p r o te o ly s is  shou ld  be p re s e n t.
The M ilk  (S p e c ia l D e s ig n a t io n s 3C S cotland) O rder (19763 s t ip u la te s  a 
c o lo n y  c o u n t f o r  UHT m i lk ,  th e  co u n t o f  th e  m ilk  i s  d e te rm ined  on an
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unopened package h e ld  f o r  24 h a t  3Q°C, The co un t sh ou ld  n o t 
exceed 1000 p e r m l.
N a k a n is h i., e t . a l . (19763 used th e  s ta n d a rd  p la te  c o u n t, p s y c h ro ­
p h i l i c  c o u n t, pH, a c id i t y ,  a lc o h o l t e s t ,  c lo t - o n - b o i l i n g ,  p r o te in  
and n o n -p ro te in  N o r  f r e e  ty r o s in e  to  assess th e  q u a l i t y  o f  UHT m ilk .  
However, B u rto n  (1977 3 used oxygen c o n te n t,  a s c o rb ic  a c id ,  and f o l i c  
a c id  to  assess th e  q u a l i t y  o f  UHT m i lk .
3 , M ic r o b io lo g ic a l and o th e r  c o n t r o l  t e s t s  a p p lie d  to  s t e r i l i z e d  
m ilk
Many te s ts  have been suggested  f o r  s t e r i l i z e d  m i lk .  The ID F /F IL  
(1369 3 suggested  a c o n t r o l  t e s t  f o r  s t e r i l i z e d  m ilk  as d e s c r ib e d  in  
th e  UHT m i lk  r e fe r r e d  to  above.
The t u r b i d i t y  t e s t  i s  th e  b e s t one used to  d a te . However, Ridgway 
(195-53 found  t h a t  th e re  was a r e la t io n s h ip  between th e  spore  co un t 
o f  m i lk  and th e  keep ing  q u a l i t y  a f t e r  com m erc ia l s t e r i l i z a t i o n ,  and 
he suggested  t h a t  th e  spo re  coun t i s  a more s u i ta b le  t e s t  f o r  
s t e r i l i z e d  m i lk .
P ackag ing o f  hea t p rocessed  m ilk s  and th e  r e la t io n s h ip  between th e  
package and th e  m ic r o b io lo g ic a l  q u a l i t y
The m ic r o b io lo g ic a l  q u a l i t y  o f  m i lk  can be a f fe c te d  by th e  packag ing  
m a te r ia l  and th e  packag ing  m a ch in e ry . In  1957, i t  was found  th a t  
th e  pape r used to  p re p a re  th e  package in  the  T e tra  Pak system  was 
b a c t e r io lo g ic a l ly  s a t is fa c to r y  and no s ig n i f i c a n t  in c re a s e  in  
b a c te r ia l  c o n te n t o f  th e  m i lk  was caused by th e  packag ing  p ro cess  
(Pedersen e t . a l . , 19573. Hamann (1960 3 compared th e  q u a l i t y  o f  
m i lk  in  T e tra  Pak c o n ta in e rs  w ith  th a t  packaged in  g la s s  b o t t le s .
He found th a t  b a c te r ia l  g ro w th  in  m i lk  packaged in  T e tra  Pak 
c o n ta in e rs  and s to re d  f o r  16 h a t 13 to  17°C proceeded more s lo w ly  
tha n  in  m i lk  packaged in  g la s s  c o n ta in e rs  under th e  same c o n d it io n s ,  
b u t a t  5 to  7°C th e  d i f fe r e n c e  was s m a ll.  Sm ith  and h is  c o -w o rk e rs  
(S m ith  e t . a l . , 19673 re p o r te d  on th e  q u a l i t y  o f  p a s te u r iz e d  m i lk  
packaged in  s in g le - s e r v ic e - c o n ta in e r s  and s to re d  a t  1 .6 °C  and 4 .4°C
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C35°F and 4 0 °F ), They found  th a t  th e  b a c te r ia l  co u n ts  o f  m i lk  
packaged in  a p la s t i c s  and pape r la m in a te  reached th e  maximum 
b a c te r ia l  s ta n d a rd  o f  th e  U .S .A . C< 25,000 p e r m l3 f o r  p a s te u r iz e d  
m i lk  a f t e r  3 to  9 days s to ra g e , whereas m ilk  packaged in  p re -fa rm e d  
waxed, paper c o n ta in e rs  d id  n o t re a ch  th e  maximum c o u n t s ta n d a rd  u n t i l  
6 to  12 days a t  1.B°C and 4 .4 °C  r e s p e c t iv e ly ,
Cox and co -w o rke rs  (19703 re p o r te d  t h a t  most m ilk  s o ld  in  A u s t r a l ia  
was packed in  g la s s  b o t t le s  and capped w ith  a lu m in iu m  f o i l .  Wax 
coa ted  c a r to n s  have been a v a i la b le  f o r  many ye a rs  b u t have been used 
o n ly  in  r e la t i v e l y  s m a ll q u a n t i t ie s .  The T e tra  Pak and T e tra  B r ik  
packages have a ls o  been used. P la s t ic s  sa che ts  had been in tro d u c e d  ' 
b u t a t  th a t  t im e  i t  was too  soon to  assess th e  a c c e p ta b i l i t y  o f  
them . In t e r e s t  was a ls o  be ing  shown in  s in g le - s e r v ic e  b low -m oulded 
p la s t i c s  b o t t le s .
Langeve ld  (19713 compared th e  q u a l i t y  o f  samples o f  p a s te u r iz e d  m i lk  
packaged in  s in g le - s e r v ic e  packages and b o t t le s  and s to re d  a t  5°C.
The s h e l f - l i f e  o f  th e  sam ples was 8 to  23 days. In  th e  same s tu d y  
when p a s te u r iz e d  m i lk  was packaged, in  T e tra  B r ik  packs w ith  an i n t e r ­
m ed ia te  a lum in ium  la y e r  in  th e  la m in a te  and s to re d  a t  5 and 7°C th e  
s h e l f - l i f e  a t  5°C was 16 to  28 days. I t  was found  th a t  s to ra g e  a t 
7°C reduced th e  s h e l f - l i f e  o f  p a s te u r iz e d  m i lk .  However, th e re  was 
no c o n c lu s io n  drawn from  a com parison  o f  th e  m i lk  packaged by th e  two 
d i f f e r e n t  system s,
L u b ie n ie c k i (1972 3 re p o r te d  th a t  th e  in f lu e n c e  o f  packag ing  on th e  
c o n ta m in a tio n  o f  fo o d  may be d i r e c t l y  due to  the  p resence  o f  m ic ro ­
o rgan ism s on th e  p ackag ing  m a te r ia l  o r  i n d i r e c t l y  due to  th e  
p e r m e a b il i ty  o r  im p e rm e a b i l i ty  to  a i r  and w a te r va p o u r.
Abdus S a t ta r  and de Man (19733 s tu d ie d  th e  e f f e c t  o f  packag ing  
m a te r ia l  on l ig h t - in d u c e d  q u a l i t y  d e te r io r a t io n  o f  m i lk .  They 
exposed th e  m i lk  to  f lu o r e s c e n t  l i g h t  a t i n t e n s i t ie s  o f  100 o r  200 
f t . C  a t  a te m p e ra tu re  o f  5°C f o r  p e r io d s  o f  3, 8, 12 o r  24 h. F o u r 
d i f f e r e n t  typ e s  o f  p ackag ing  m a te r ia l  were used, i . e .  c le a r  and 
opaque pouches, c a r to n s ,  and p la s t i c s  ju g s .  O f f - f la v o u r s  were
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d e te c te d  in  a l l  th e  c o n ta in e rs  e xcep t in  th e  opaque pouches. 
S ig n i f ic a n t  lo s s e s  o f  a s c o rb ic  a c id  and r ib o f la v i n  o ccu rre d  in  
m ilk  packaged in  a l l  th e  c o n ta in e rs  e xcep t in  th e  opaque pouches,
Schonborn e t . a l . , (19753 compared p a s te u r iz e d  m ilk  packaged in  th re e  
d i f f e r e n t  ty p e s  o f  c o n ta in e r :
( i 3 w ith  no a i r  space,
( i i 3  u p r ig h t  package w ith  ro o f-s h a p e d  a i r  space , and 
( i i i3  an ob long  package w ith  ro o f-s h a p e d  a i r  space.
Samples were take n  a f t e r  s to ra g e  f o r  1, 5 and 8 days and exam ined 
o r g a n o le p t ic a l ly  as w e l l  as b a c t e r io lo g ic a l ly .  The r e s u l t s  showed 
th a t  m i lk  in  c o n ta in e r  ty p e  Ci3 had a h ig h e r f la v o u r  sco re  th a n  th a t  
packaged in  ty p e s  ( i i 3  and ( i i i 3  a f t e r  one d a y 's  s to ra g e  a t  4 to  5°C. 
B a c te r io lo g ic a l  r e s u l t s  showed th a t  th e  m i lk  packed in  system  ( i i i 3  
c o n ta in e rs  had a s ig n i f i c a n t l y  h ig h e r  co lo n y  c o u n t tha n  th a t  packaged 
in  ty p e  ( i3 .
R e c e n t ly ,  H ankin _et. a l . , (1977 3 showed th a t  p a s te u r iz e d  m ilk  
packaged in  g la s s  b o t t le s  d e te r io ra te d  in  a s h o r te r  t im e  th a n  th a t  
packaged in  paper c a r to n s ,  Takeda e ^ . a l . (1979 3 found  w ith  UHT 
m i lk ,  th a t  th e re  was no d if fe r e n c e  in  th e  keep ing  q u a l i t y  o f  m ilk s  
packaged in  b o t t le s  o r  T e tra  Pak c a r to n s  and s to re d  a t  7°C f o r  
9 -10 days.
Luquet e t . a l . (1977 3 packaged UHT m i lk  in  f i v e  d i f f e r e n t  ty p e s  o f  
package. These in v e s t ig a to r s  s tu d ie d  th e  e f f e c t  o f  th e  method and 
th e  ty p e  o f  package on a s c o rb ic  a c id ,  r i b o f l a v i n ,  f o l i c  a c id ,  and 
o rg a n o le p t ic  p r o p e r t ie s .  They found  th a t  UHT m ilk  in  p la s t i c s  
b o t t le s  r a p id ly  became u n a cce p ta b le  in  r e la t io n  to  s m e ll and ta s te  
when th e  b o t t le s  were exposed to  l i g h t .
The e f f e c t  o f  th e  th ic k n e s s  o f  th e  package has been s tu d ie d ,  L e a l i  
and Q uaron i (19673 used th re e  th ic k n e s s e s  (9 /1 0 0 , 12/100 and 15/100
mm3 o f  p o ly th e n e  f o r  packag ing  s t e r i l i z e d  m i lk .  Samples were 
s to re d  a t  20 and 32°C f o r  20 days and a t  55°C f o r  8 days. On 
e xa m in a tio n ' th e y  found  th a t  a number o f  samples o f  m i lk  in  c o n ta in e rs
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o f  th e  d i f f e r e n t  th ic k n e s s e s  o f  m a te r ia l  were n o t s t e r i l e ;  32 o f  th e  
35 samples o f  m ilk  packaged in  9 /100  mm p o ly th e n e  were u n s t e r i le ,
3 o u t o f  92 samples packaged in  12/100 mm were u n s t e r i le  and 2 o u t 
o f  94 samples o f  m i lk  packed in  15/100  mm p o ly th e n e  were u n s t e r i le .
R e c e n tly , B u rto n  C l977) re p o r te d  th a t  oxygen-perm eab le  c o n ta in e rs  
such as b low -m ou lded  p o ly th e n e  c o n ta in e rs  a re  n o t s u i ta b le  f o r  UHT 
m i lk .  He sum m arised .the  ty p e  o f  c o n ta in e rs  a v a i la b le  f o r  UHT m i lk  
as fo l lo w s ;  cans, c a r to n s  fo rm ed fro m  r o l l  m a te r ia l ,  c a r to n s  assem bled 
fro m  p re -fo rm e d  b la n k s , p la s t i c  f i lm ,  f o r m - f i l l - s e a l ,  p la s t ic s  f i lm  
sa che ts  and b low -m ou lded  th e rm o p la s t ic  b o t t le s .  In  a n o th e r s tu d y  in  
th e  same y e a r, T y lk in  e t . a l . C l977) packaged UHT m i lk  C140°C f o r  4 s'O 
in  C i) norm al p o ly e th y le n e -c o a te d  A l - f o i l  paper packages, C i i )  waxed 
pape r packages w ith  non -p igm ented  p o ly e th y le n e  and C i i i )  e x p e r im e n ta l 
packages w ith o u t  A l - f o i l  b u t w ith  b la c k -p ig m e n te d  p o ly e th y le n e .  A f te r "
th e  packs o f  UHT m ilk  had been s to re d  a t  19 to  22°C f o r  30 days 
th e y  were examined and i t  was conc luded  th a t  UHT m ilk  packaged in  
la m in a te d  p o ly th e n e  w ith o u t  f o i l  canno t be gua ran teed  as s a t is fa c to r y  
f o r  more th a n  f i v e  days.
The m ic ro b io lo g y  o f  raw m ilk  a n d . h e a t-p ro ce sse d  m ilk s  and th e  i n t e r ­
r e la t io n s h ip  o f  th e  same:
F ra n k l in  e t . a l . C195B) re p o r te d  t h a t  th e  raw m ilk  in  th e  U.K.. 
c o n ta in e d  abou t one r e s is t a n t  spore  p e r m l. They in d ic a te d  th a t  th e
spore  c o n te n t o f  raw m i lk  i s  h ig h e r  in  w in te r  tha n  in  summer.
Thomas and Oruce C1963) found  th a t  Pseudomonas sp e c ie s  p redom ina ted  
amongst th e  235 p s y c h r o p h i l ic  b a c te r ia  is o la te d  fro m  raw m ilk ,  b u t 
abou t 36 .6  p e r c e n t o f  th e  o rgan ism s p re s e n t were f lu o r e s c e n t  s t r a in s  
and 57 .6  p e r  c e n t n o n - f lu o re s c e n t  o r  A ch rom ob a c te r.
F ra n k l in  C1969) re p o r te d  th a t  ce reus  was in v a r ia b ly  found  in  
raw m ilk  even under th e  b e s t p ro d u c t io n  c o n d it io n s .
Oruce and Thomas C l972) in d ic a te d  t h a t  th e  main d i r e c t  source  o f  
p s y c h ro tro p h ic  b a c te r ia l  c o n ta m in a tio n  o f  raw m ilk  was p o o r ly  c leaned
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p ip e l in e  m ilk in g  p la n ts  and b u lk  ta n k s .
In  a re v ie w , Thomas and Thomas C1976) re p o r te d  th a t  th e  m ic r o f lo r a  o f  
fa rm  m i lk  ta n k s  showed a low  in c id e n c e  o f  s t r e p to c o c c i and a 
r e la t i v e l y  low  in c id e n c e  o f  m ic ro c o c c i and C o ry n b a c te r ia ,  b u t a 
re m a rk a b ly  h ig h  in c id e n c e  o f  G ra m -n e g a tive  ro d s  e s p e c ia l ly  in  p o o r ly  
c leaned  ta n k s .
DaVis (1977) s tu d ie d  th e  b a c te r io lo g ic a l  q u a l i t y  o f  th e  b u lk  and churn  
c o l le c te d  m ilk  s u p p lie s  in  W ales. He found th a t  th e  c o lo n y  co un t in  
churn  m ilk  was more th a n  in  th e  b u lk  s u p p lie s .
In  s t e r i l i z e d  m i lk ,  i t  has been found  th a t  spores o f  B a c i l lu s  s u b t i l i s '  
"p re d o m in a te d . The maximum spore  c o u n t ( a f t e r  105°C f o r  15 m in ) o f  
m e s o p h ilic  b a c te r ia  was. 60 spores p e r 100 m l. The maximum co u n t o f  
r e s is t a n t  th e rm o p h il ic  spores was abou t 80 p e r m l. In  th e  same 
s tu d y  204 c u ltu r e s  were is o la te d  fro m  s p o ile d  samples o f  s t e r i l i z e d  
m i lk  and i t  was e s ta b lis h e d  th a t  90 p e r  ce n t were El, s u b t i l i s .
S t ra in s  o f  B a c i l lu s  p u m ila s . B a c i l lu s  c o a g u la n s . B a c i l lu s  ce re us  and 
B a c i l lu s  l ic h e n i fo r m is  were a ls o  p re s e n t (R idgway, 1 955 ).
In  a n o th e r s tu d y , i t  was found  th a t  th e  s p o ila g e  o f  in - b o t t le  
s t e r i l i z e d  m ilk  was due to  B a c i l lu s  s te a ro th e rm o p h ilu s  and _B. s u b t i l i s  
( G r in s te d  and C legg , 195 5 ),
F ra n k l in  (1970) re p o r te d  th a t  20 p e r c e n t o f  i n - b o t t l e  s t e r i l i z e d  
m i lk  in  th e  U ,K . c o n ta in e d  m e s o p h ilic  b a c te r ia l  spores a f t e r  
p ro c e s s in g ,
_B, s u b t i l i s , IB. l i c h e n i f o r m is . B a c i l lu s  m ega therium , _B. c e re u s ,
_B, p u m ilu .5 ", B_, s te a ro th e rm o p h ilu s  and B a c i l lu s  p u Iv i f a c ie n s  were 
is o la te d  from  th e  T e tra  Pak c o n ta in e rs  o f  u p e ris e d  m i lk  (G a r ib a ld i 
e t .  a l .  1965).
Cox (1975) re p o r te d  t h a t  i t  was v e ry  ra re  f o r  th e  spores from  norm al 
raw b u lked  m ilk  to  s u rv iv e  th e  UHT hea t p ro c e s s . He in d ic a te d  th a t  
in  th e  absence o f  s p e c i f ic  packag ing  prob lem s such as in a d e q u a te  
steam o r  f a u l t y  H2 O2  s t e r i l i z a t i o n  o f  packages, th e  s p o ila g e  ra te
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was le s s  than  0 .1  p e r c e n t.
S e ve ra l a u th o rs (R a n d o lp h  e t .  a l . , 1965; L a n g lo is  e t .  a l . ,  1986 and 
O v e rc a s t ,1967) have suggested  th a t  th e  most im p o r ta n t  b a c te r io lo g ic a l  
prob lem s in  p a s te u r iz e d  m i lk  in  th e  supe rm arke t to d a y  a re  r e la te d  
to  th e  p s y c h ro tro p h ic  b a c te r ia .
I t  has been found  t h a t  s t r a in s  o f  A ch rom obac te r,. Pseudomonas and 
A lc a lig e n e s  p re dom ina ted  in  p a s te u r iz e d  m i lk  s to re d  a t  7°C f o r  2 to  
5 days . S m a ll numbers o f  c o li-a e ro g e n e s  b a c te r ia  have sometimes 
been found  (H em p le r, 1 95 5 ), P a p a v a s s ilio u  (1958) found  th a t  
C lo s t r id iu m  p e r f r in g e n s , C lo s t r id iu m  sporogenes and C lo s t r id iu m  ^
b u ty r ic u m  were th e  m ost common a n a e ro b ic  spore fo rm e rs  in  p a s te u r iz e d  
m i lk .
Many s tu d ie s  have been made o f  th e  e f f e c t  o f  th e  q u a l i t y  o f  raw m ilk  
on th e  keep ing  q u a l i t y  o f  hea t p rocessed  m i lk .  A shton  (1950) found  
th a t  th e  ageing, o f  raw m i lk  a t  4 ,4  to  10°C f o r  24 h b e fo re  
p a s te u r iz a t io n  in c re a s e d  th e  p e p to n is in g  m ic r o f lo r a  and reduced th e  
keep ing  q u a l i t y  o f  th e  c o rre s p o n d in g  p a s te u r iz e d  m i lk .  In  a s tu d y  
des igned  to  d e te rm in e  th e  r e la t io n s h ip  o f  th e  numbers and typ e s  o f  
b a c te r ia  in  raw m ilk  to  th e  i n i t i a l  f la v o u r  sco re  o f  th e  p rocessed  
m i lk ,  G lenn. (1958) o b ta in e d  r e s u l t s  w h ich  in d ic a te d  t h a t  th e  numbers 
and k in d s  o f  b a c te r ia  in  raw m ilk  had an e f f e c t  on th e  i n i t i a l  f la v o u r
sco re  o f  p ro cesse d  m i lk .
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In  In d ia ,  Varma e t . a l . (1959) found  th a t  th e  b a c te r ia l  c o u n t a f t e r  
p a s te u r iz a t io n  was re la te d  to  th e  co un t o f  raw m i lk .  However, 
S to rg a rd s  (1961) showed th a t  th e  b a c te r ia l  c o n te n t o f  raw m ilk  had 
l i t t l e  e f f e c t  on th e  b a c te r ia l  c o n te n t ,  f la v o u r ,  and keep ing  q u a l i t y  
o f  HTST p a s te u r iz e d  m i lk .  He a ls o  re p o r te d  th a t  th e re  was a good 
c o r r e la t io n  between th e  th e rm o d u r ic  b a c te r ia  in  raw m ilk  and th e  
keep ing  q u a l i t y  o f  HTST. p a s te u r iz e d  m ilk .
F r a n k l in  (1965) found  th a t  th e re  was no c o r r e la t io n  between th e  
b a c te r ia l  co u n ts  o f  raw o r  p a s te u r iz e d  m ilk  and th e  keep ing  q u a l i t y  
o f  p a s te u r iz e d  m i lk .  The m ost im p o r ta n t  f a c to r  was th e  ty p e  o f
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' €>ïgani¥ms ' w h ich  were p re s e n t in  p a s te u r iz e d  m i lk .  He in d ic a te d  
th a t  B. ce reus  i s  th e  m ost im p o r ta n t  o rg a n is m •w h ich  a f f e c t s  th e  
keep ing  q u a l i t y  o f  p a s te u r iz e d  m i lk .
Thomas and Oruce C19B9J re p o r te d  th a t  raw  m ilk  produced under 
s a t is fa c to r y  h y g ie n ic c o n d it io n s  re s u lte d  in  p a s te u r iz e d  m i lk  w ith  a 
s a t is fa c to r y  keep ing  q u a l i t y ,  b u t th e  a d d it io n  o f  1 p e r c e n t o f  an 
u n s a t is fa c to r y  raw m i lk  s u p p ly  to  th e  b u lk  ta n k  b e fo re  com m erc ia l 
p a s te u r iz a t io n  caused a marked d e te r io r a t io n  in  th e  keep ing  q u a l i t y  
o f  th e  p a s te u r iz e d  m i lk .  L e rp id o  e^t. a l . (1970) found  th a t  raw 
m ilk  w ith  h ig h  b a c te r ia l  c o u n ts  gave a c o rre s p o n d in g ly  h ig h  c o u n t 
a f t e r  p a s te u r iz a t io n .  In  a n o th e r s tu d y , i t  was fo u n d  th a t  '
p a s te u r iz e d  m i lk  p roduced fro m  raw m ilk  c o n ta in in g  more th a n  one 
m i l l i o n  b a c te r ia  p e r m l^ f r e q u e n t ly  deve loped o b je c t io n a b le  f la v o u r  
on s to ra g e  (P a te l and B la n k e n a g e l, 1 97 2 ). R e c e n tly , D av is  (1975) 
in d ic a te d  th a t  th e  t r o u b le s  w ith  p a s te u r iz e d  m ilk  a re  n e a r ly  a lw ays 
caused by th e  poo r q u a l i t y  o f  raw  m i lk .
The e f f e c t  o f  v a r io u s  s tages  o f  h a n d lin g , s to ra g e  e tc .  on th e  
keep ing  q u a l i t y  o f  hea t p rocessed  m ilk s
In  1954, i t  was re p o r te d  th a t  th e  open c o o le r ,  vacuum s to ra g e  ta n k s , 
p ip e l in e s  le a d in g  to  th e  b o t t l e - f i l l i n g  m achine and th e  b o t t le s  were 
im p o r ta n t  sou rces o f  re -c o n ta m in a t io n  o f  p a s te u r iz e d  m i lk  (Pothmann 
and H il le b ra n d ,  1 9 5 4 ). In  two o th e r  s tu d ie s  in  1959 and 1973, i t  
was shown th a t  th e  b o t t le  f i l l e r  was th e  most common sou rce  o f  c o l i fo r m  
c o n ta m in a tio n  in  c o m m e rc ia lly  p a s te u r iz e d  m ilk  (G lenn and O lson , 1959; 
K a lin a  e t . a l . , 1 97 3 ). Ggawa (1966) re p o r te d  th a t  th e
c o n ta m in a tio n  w ith  p s y c h r o p h i l ic  b a c te r ia  d u r in g  th e  b o t t l in g  p rocess  
was an a irb o rn e  c o n ta m in a tio n . Cannon and Reddy (1970) found  th a t  
th e  a i r  p u l le d  th ro u g h  th e  f i l l e r  bow l a t  a r a te  o f  3000-6000 1 p e r 
m in by th e  defoam er i s  an im p o r ta n t  source  o f  th e  c o n ta m in a tio n  o f  
p a s te u r iz e d  m ilk  w ith  p s y c h ro tro p ic  b a c te r ia ,
F r a n k l in  (1969) found  th a t  n o t a l l  s p o ila g e  enzymes were d e s tro y e d  
by the  p a s te u r iz a t io n  te m p e ra tu re  and he in d ic a te d  th a t  extended c o ld  
s to ra g e  o f  raw m ilk  b e fo re  p ro c e s s in g  a f fe c te d  th e  keep ing  q u a l i t y
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o f p a s te u r iz e d  m i lk  because o f  th e  a c t io n  o f  enzymes produced by th e  
p r o te o ly t ic  and l i p o l y t i c  b a c te r ia .L a b u s c h a g n e "e t ^ C 1 971 ) in d ic a te d  
th a t  h ig h  te m p e ra tu re  o f  d e l iv e r y  and d is t r ib u t io n  a f f e c t  th e  keep ing  
q u a l i t y  o f  p a s te u r iz e d  m i lk .
I t  has been fo u n d  t h a t  th e  hom ogenis ing  p rocess  may s p l i t  up clum ps 
o f  b a c te r ia  and d is r u p t  th e  f a t  g lo b u le  membrane so p o s s ib ly  
a c t iv a t in g  b a c te r ia l  g ro w th . The in c lu s io n  g f  a hom ogeniser in  th e  
p ro c e s s in g  l in e  may in t ro d u c e  a n o th e r source  o f  c o n ta m in a tio n  
CDavis, 1975 ).
H e rm ie r and B ergere  (19593 found  th a t  th e  source  o f  c o n ta m in a tio n  o f  ‘ 
th e  s t e r i l i z e d  m i lk  was. th e  b o t t l e - f i l l e r ;  w h ich  i s  d i f f i c u l t  to  
c le a n .
In  th e  case o f  UHT m i lk ,  i t  has been found  th a t  th e re  a re  many sources  
o f  c o n ta m in a tio n  w ith  m e s o p h ilic  spore 's. These sources  a re  th e  
equ ipm ent, p ip e l in e s  and th e  a i r  o f  th e  d a ir y  (Labo ts  e t . a l .  ,11960 ). 
I t  has a ls o  been shown th a t  th e  c o o lin g  s e c t io n  o f  th e  p ro c e s s in g  
equipm ent i s  an im p o r ta n t source  o f  c o n ta m in a tio n  (W a s s e r fa ll,  1972 ),
B u rto n  (1977) re p o r te d  th a t  th e  sources  o f  p o s t - s t e r i l i z a t io n  
c o n ta m in a tio n  in  UHT m i lk  were ( i )  in a d e q u a te  p la n t  c le a n in g  and 
s t e r i l i z a t i o n ,  ( i i )  d i r e c t  a tm o s p h e ric  c o n ta m in a tio n , ( i i i )  th e  
a s e p t ic  hom ogen ise r, ( i v )  a s e p t ic  - ba lance  ta n k  and (v )  a s e p t ic  
f i l l e r .
Com parison o f  d i f f e r e n t  methods o f  a sse ss in g  th e  q u a l i t y  o f  heat 
p rocessed  m ilk s
S e v e ra l in v e s t ig a to r s  have g iv e n  p a r t i c u la r  a t te n t io n  to  th e  
developm ent o f  s u ita b le  methods f o r  a sse ss in g  th e  q u a l i t y  o f  h e a t-  
p rocessed  m i lk .  T h e ir  a tte m p ts  were based on com paring d i f f e r e n t  
methods to  f in d  an a c c u ra te  as w e l l  as q u ic k e r  t e s t  f o r  e s t im a tin g  
th e  q u a l i t y  o f  h e a t-p ro ce sse d  m ilk s ,
K heshgi (1946) compared b r i l l i a n t - g r e e n  la c to s e  b i le  b ro th ,  fo rm a te
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r ic in o le a te  b ro th ,  v io le t - r e d  aga r and d e s o x y c h o la te  a ga r f o r  th e  
d e te c t io n  o f c o l i fo r m  o rgan ism s in  m i lk .  He found  th a t  th e  l a t t e r  
medium was th e  b e s t p re su m p tive  medium f o r  p a s te u r iz e d  m i lk .  He 
observed  a g e n e ra l r e la t io n s h ip  between th e  t o t a l  c o lo n y  co un t and 
th e  c o l i f o r m  coun t in  raw m ilk  b u t n o t in  p a s te u r iz e d  m i lk .
P ira u z  e t .  a l .. [19533 in d ic a te d  t h a t , w i t h  p re - in c u b a te d  sam ples, 
m e thy lene  b lu e  t e s t  i s  as a c c u ra te  as and q u ic k e r  th a n  c o l i f o r m  t e s t  
f o r  e s t im a tin g  th e  keep ing  q u a l i t y  o f  p a s te u r iz e d  m i lk .  They a ls o  
found  th a t  th e  keep ing  q u a l i t y  o f  p a s te u r iz e d  m i lk  i s  r e la te d  to  th e  
c o l i fo r m  coun t r a th e r  th a n  th e  th e rm o d u r ic  c o u n t. However, Thomasow 
C19563 found  th a t  th e re  i s  a g e n e ra l r e la t io n s h ip  between th e  k e e p in g ' 
q u a l i t y  and th e  t o t a l  c o lo n y  c o u n t, b u t n o t between th e  keep ing 
q u a l i t y  and th e  c o l i f o r m  t i t r e  when th e se  methods- were used to  assess 
th e  q u a l i t y  o f  p a s te u r iz e d  m i lk .
In  s tu d ie s  concerned w ith  m ethods f o r  a sse ss in g  th e  keep ing  q u a l i t y  
o f  p a s te u r iz e d  m ilk  C ib l i s  and Schwarz C l9603 re p o r te d  t h a t  th e  
number o f  c o l i f o r m  b a c te r ia  d e te rm in e d  on metachrome -  y e llo w  a ga r 
and on fu c h s in - -  la c to s e  a g a r was h ig h e r  th a n  on th e  t r ip h e n y l  
té t r a z o l iu m  c h lo r id e  aga r CTTC A g a r ] , However, i n  a n o th e r s tu d y  in  
th e  same ye a r H ave lka  and Hudec [19603 found  th a t  th e  TTC medium was 
th e  m ost s u ita b le  o f  seven d i f f e r e n t  media to  e s tim a te  c o l i fo r m  
b a c te r ia  in  th e  m i lk .
In  1964, i t  was fo u n d  th a t  th e  p s y c h ro tro p h ic  coun t was more 
s e n s i t iv e  th a n  th e  c o l i fo r m  t e s t  in  d e te c t in g  p o s t - p a s te u r iz a t io n  
c o n ta m in a tio n  [ E l l i k e r  e^, a l . , 19643. Labots  and Hup (19643 
enum erated B a c i l lu s  ce reus  in  p a s te u r iz e d  m i lk  u s in g  th e  fo l lo w in g  
m ethods:
( i 3 f lo e s  c o u n t: th e  number o f  f lo e s  form ed in  th e  cream
la y e r  o f  p a s te u r iz e d  m i lk ,
( i i )  e s t im a t io n  o f  th e  most p ro b a b le  number (MPN3 o f  ce reus  
spo res  u s in g  a d i l u t i o n  m ethod,
( i i i ]  c e n t r i f u g a t io n  m ethod: spore  coun t in  th e  sed im en t o f
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c e n t r i fu g e d  m i lk  u s in g  in c u b a t io n  in  e g g -y o lk  medium, 
and
C iv ] f i l t r a t i o n  m ethod: e nu m era tion  u s in g  a membrane f i l t e r
te c h n iq u e .:
They fo u n d  th a t  th e  MPN method gave th e  h ig h e s t num bers, fo l lo w e d  by 
th e  c e n t r i f u g a t io n  m ethod, th e n  th e  f lo e s  c o u n t. The f i l t r a t i o n  
method gave th e  lo w e s t r e s u l t s .
R e c e n tly , th e  s p i r a l  p la te  co u n t method CSPLPC] and s ta n d a rd  p la te  
c o u n t CSPC] methods were- used to  d e te c t  raw and p a s te u r iz e d  m i lk .
;
The r e s u l t s  showed th a t  th e  v a r ia n c e  o f  SPLPC was s l i g h t l y  le s s  than  
th a t  o f  th e  SPC m ethod. I t  was suggested  th a t  th e  SPLPC method 
c o u ld  be s u b s t i tu te d  f o r  th e  SPC method (D o n n e lly  e t .  a l . ,  1 97 6 ].
In  th e  N e th e rla n d s , Langeve ld  e t . a l .  , (1 9763 used d i f f e r e n t  s e le c t iv e  
g ro w th  in h ib i t o r s  w ith  p la te  co u n t a ga r (D ifc o ]  in  a tte m p ts  to  f in d  a 
ra p id  and s e n s i t iv e  method to  d e te c t  p o s t - p a s te u r iz a t io n  c o n ta m in a tio n  
in  p a s te u r iz e d  m i lk .  They fo u n d  th a t  100 mg o f  Benza lkon A -50 p e r kg, 
i s  b e t te r  than  o th e r  s e le c t iv e  a g e n ts . They compared t h i s  method 
w ith  th e  p re - in c u b a t io n  c o l i fo r m  t e s t ,  and found  th a t  r e - in f e c t io n  
was d e te c te d  more e f f e c t i v e ly  by th e  p la te  coun t method w ith  Benza lkon  
A -50 added th a n  by th e  c o l i f o r m  m ethod.
P o s s ib i l i t i e s  f o r  e s ta b l is h in g  a new p ro ced u re  f o r  th e  q u a l i t y  
c o n t r o l  o f  heat p rocessed  m ilk s
There have been many a tte m p ts  to  f in d  a more e f f e c t iv e  method f o r  use 
as a q u a l i t y  c o n t r o l  t e s t  f o r  hea t p rocessed  m i lk .  One o f  the se  
a tte m p ts  i s  based on th e  p o s s i b i l i t y  o f  u s in g  th e  p y ru v a te  c o n te n t in  
th e  m i lk  as an in d ic a t io n  o f  keep ing  q u a l i t y .  The second i s  based 
on p r e l im in a r y  in c u b a t io n  o f  th e  m i lk  sample b e fo re  dye re d u c t io n  
te s t s .  The t h i r d  is  to  use a s e le c t iv e  medium to  d e te c t  p o s t­
p a s te u r iz a t io n  c o n ta m in a tio n .
In  th e  N e th e rla n d s  I n s t i t u t e  f o r  D a iry  Research CNIZO] (19763, a 
ra p id  method was deve loped  f o r  th e  d e te c t io n  o f  p o s t - p a s te u r iz a t io n
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c o n ta m in a tio n  in  m i lk  u s in g  p la te  coun t aga r ( D i fc o ] w ith  100 mg p e r  
kg o f  h e n z y l-d im e th y l-a lk y l-a m m o n iu m  c h lo r id e  (50 p e r c e n t aqueous 
s o lu t io n ) .  T h is  medium p re v e n ts  any G -ra 'm -pos itive  b a c te r ia  from  
g ro w in g . T h is  method was. des igned  e s p e c ia l ly  to  d e te c t  p o s t -  
p a s te u r iz a t io n  c o n ta m in a tio n  w ith  G -ram -negative p s y c h ro tro p h ic  
b a c te r ia .
Many s tu d ie s  have been made o f  th e  use o f  th e  p y ru v a te  c o n te n t as 
an in d ic a to r  o f  the  q u a l i t y  o f  m i lk .  Heeschen e t . a l . (1975) 
re p o r te d  th a t  p y ru v a te  i s  n o t a f fe c te d  by p a s te u r iz a t io n ,  and so i t  
c o u ld  be used to  in d ic a te  th e  q u a l i t y  o f  m i lk  from  th e  fa rm  to  th e  
consum er. &
S pringm eye r e t .  a l .  (1976) e s tim a te d  th e  q u a l i t y  o f  raw m ilk  by 
m easuring  th e  p y ru v a te  c o n te n t u s in g  a Techn icon  A u to -A n a ly s e r .  They
found  th a t  t h i s  t e s t  is  s u ita b le  f o r  c o ld  m ilk  (< 4°C) d e l iv e re d  once 
d a i l y .  They a ls o  in d ic a te d  th a t  th e  p y ru v a te  c o n te n t r e f le c te d  th e  
p resence  o f  n o n -a c id  fo rm in g  and a c id  fo rm in g  o rg an ism s . Suhren e t . 
a l . (1976) used measurements o f  th e  p y ru v a te  c o n te n t to  assess th e  
s p o ila g e  o f  p a s te u r iz e d  m i lk .  They fo u n d  th a t  th e  p y ru v a te  c o n te n t 
in c re a s e d  a t  th e  same r a te  as th e  b a c te r ia l  c o n te n t w ith  th e  s to ra g e  
t im e . They suggested t h a t  f u r t h e r  s tu d ie s  on a la rg e  number o f  
m i lk  samples o f  d i f f e r e n t  o r ig in  were needed to  e v a lu a te  th e  method.
R e c e n tly , M a rs h a ll and Harman (1978) in d ic a te d  th a t  so m a tic  c e l l s  
c o n t r ib u te  to  th e  p y ru v a te  c o n te n t o f  raw and p a s te u r iz e d  m i lk .  They 
suggested  th a t  i t  i s  p o s s ib le  to  use th e  p y ru v a te  t e s t  in  c o n t r o l l in g  
th e  q u a l i t y  o f  bu lked  raw m ilk  and th e  keep ing q u a l i t y  o f  p a s te u r iz e d  
m ilk .
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Scope o f  work
C o n s id e ra b le  a t te n t io n  has been d ir e c te d  r e c e n t ly  to  th e  keep ing  q u a l i t y  
o f  h e a t-p ro ce sse d  m i lk  due to  th e  e x te n s iv e  deve lopm ent o f  r e la t i v e l y  
p ro lo n g e d  r e f r ig e r a t io n  o f  th e  m i lk  a t  th e  fa rm , d a i r y ,  r e t a i l  s a le  
and th e  consum er’ s house.
Q u a li ty  o f  p a s te u r iz e d  m i lk  c o u ld  be a f fe c te d  by many fa c to r s  such as 
q u a l i t y  o f  raw m ilk ,  h a n d lin g , p ro c e s s in g , d is t r ib u t io n  and th e  
s to ra g e  in  th e  m arke t and co nsu m e r's  r e f r ig e r a t o r .
T h is  s tu d y  was concerned w ith  th e  m ic r o b io lo g ic a l ,  ch e m ica l and 
o rg a n o le p t ic  q u a l i t y  o f  p a s te u r iz e d  m i lk  because p a s te u r iz e d  m ilk  is  
th e  m ain h e a t-p ro ce sse d  m ilk  produced in  S c o tla n d .
T h is  s tu d y  s ta r te d  a s h o r t  su rve y  on th e  q u a l i t y  o f  p a s te u r iz e d  
m i lk  from  r e t a i l  sou rces  in  A y r and d i s t r i c t  in  s o u th -w e s t S c o tla n d .
Then a com parison  o f  th e  m ic r o b io lo g ic a l ,  ch em ica l and o rg a n o le p t ic  
q u a l i t y  o f  p a s te u r iz e d  m i lk  packaged in  g la s s  b o t t le s  and s in g le  s e rv ic e  




SECTION 1. MICROBIOLOGICAL METHODS 
^ . T o ta l p la te  c o u n t
The t o t a l  p la te  c o u n t was d e te rm ine d  a c c o rd in g  to  th e  IDF s ta n d a rd  
method 3; 1958 C ID F /F IL , 1 95 8 ). S e r ia l  1 0 - fo ld  d i l u t io n s  o f  th e  
m ilk  were made in  q u a r te r  s t re n g th  R in g e r 's  s o lu t io n .  The d i lu t io n s  
were then  p la te d  in  d u p l ic a te  by add ing  1 ml to  each o f  two p e t r i  
d ish e s  to  w h ich  was the n  added 10 ml o f  p la te  co un t aga r (y e a s t ^
e x t r a c t  2 .5  g , t r y p to n e  5 g /  d e x tro s e  1 g , a g a r 15 g , d i s t i l l e d  - 
w a te r  1000 m l, se p a ra te d  m ilk  10 m l, pH 7 ) .  When used th e  medium 
was tem pered to  45°C, The c o lo n ie s  were counted  a f t e r  72 h in c u b a t io n  
a t  30°C. O nly p la te s  w ith  c o lo n y  co un ts  between 30 and 500 were used 
f o r  re c o rd in g  r e s u l t s .  I f  more th a n  one d i lu t io n  gave a co u n t w i th in  
t h i s  ra n g e , th e  h ig h e r  r e s u l t  was s e le c te d .
2. P s y c h ro tro p h ic  coun t
P s y c h ro tro p h ic  b a c te r ia ..w e re  d e te rm in e d  as d e s c r ib e d  by th e  Am erican 
P u b lic  H e a lth  A s s o c ia t io n  (1 9 7 8 ). S e r ia l  t e n - f o ld  d i lu t io n s  o f  th e  
m ilk  were made u s in g  a phosphate  -  b u ffe re d  s t e r i l e  w a te r medium.
The d i lu t io n s  were s e le c te d  so t h a t  th e  t o t a l  number o f  c o lo n ie s  on 
a p la te  were l i k e l y  to  be between 30 to  300. The s e le c te d  d i lu t io n s  
were p la te d  in  d u p lic a te  and th e  d is h e s  were in c u b a te d  a t  7°C f o r
10 days. The p la t in g  medium had th e  fo l lo w in g  c o m p o s it io n ;
p a n c re a t ic  d ig e s t  o f  c a s e in  5 g , y e a s t e x t r a c t  2 .5  g , g lu co se  
1 g , aga r 15 g and d i s t i l l e d  w a te r to  1 l i t r e .  The f i n a l  pH
was 7 ± 0 .2  a f t e r  s t e r i l i z a t i o n  a t  121°C f o r  15 m in .
3. L ip o ly t i c  co u n t
These b a c te r ia  were d e te rm ine d  a c c o rd in g  to  th e  IDF s ta n d a rd  method 
41 ; 1966 ( ID F /F IL , 1966 ). The o u t l in e  o f  th e  method i s  as 
fo l lo w s :
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a . p re p a ra t io n  o f  th e  d i lu t io n s .  The samples o f  m i lk  were 
d i lu t e d  t e n - f o ld  u s in g  s t e r i l e  q u a r te r  s t re n g th  R in g e r 's  
S o lu t io n .
b . p re p a ra t io n  o f  th e  b u t te r  f a t .  F resh  b u t t e r  was m e lte d , and 
th e  serum se p a ra te d  and f i l t e r e d .
0 . p re p a ra t io n  o f  v i c t o r ia  b lu e  dye base. 2 -  3 g o f  v i c t o r ia  
b lu e  were b o i le d  w ith  200 m l ta p  w a te r u n t i l  d is p e rs e d . 10 p e r 
c e n t Cw/v) NaOH was added u n t i l  th e  b lu e  c o lo u r  changed to  brown. 
The in s o lu b le  p r e c ip i t a t e  was a llo w e d  to  s e t t le  b e fo re  f i l t r a t i o n .  
The dye base was washed w ith  w a te r w h ich  was made s l i g h t l y  a lk a l ih e  
w ith  NH^ OH and d r ie d  a t  30°C,
d. d is s o lv in g  o f  v i c t o r i a  b lu e  dye base in  th e  f a t ,  75 mg o f
v i c t o r i a  b lu e  dye base were d is s o lv e d  in  100 g o f  b u t te r  f a t .
Then th e  m ix tu re  was s t i r r e d  w h ile  u s in g  a w a te r b a th  to  m a in ta in  
th e  te m p e ra tu re  a t  90°C u n t i l  no u n d is s o lv e d  dye p a r t i c le s  were 
seen. Then th e  c o lo u re d  b u t te r  f a t  was f i l t e r e d ,  d ispensed  in
5 m l q u a n t i t ie s  and s t e r i l i z e d  f o r  10 min a t  115°C. The dyed 
f a t  was s to re d  a t  5°C u n t i l  re q u ire d  b u t the  s to ra g e  t im e  was 
n o t more than  two m onths.
e. p re p a ra t io n  o f  th e  n u t r ie n t  a g a r. The medium was p repa red  
to  th e  fo l lo w in g ,  s p e c i f ic a t io n ;  pep tone  5 g , meat e x t r a c t  5 g , 
a ga r 20 g , d i s t i l l e d  w a te r to  make th e  volume up to  1 l i t r e .
The medium was b o i le d  u n t i l  the  in g re d ie n ts  were d is s o lv e d  and
th e  pH a d ju s te d  to  7 .5 .  The n u t r ie n t  a g a r was d ispensed  in  
100 ml q u a n t i t ie s  in  screw cap b o t t le s  and s t e r i l i z e d  by h e a t in g  
■ fbrlS  m in a t  121°C. The medium was s to re d  a t  5°C u n t i l  used.
f .  method o f  use. The n u t r ie n t  a ga r was m e lte d  and co o led
to  45^C. F iv e  ml o f  th e  m e lte d  dye was added to  100 ml q u a n t i t ie s  
o f  n u t r ie n t  a g a r. The b o t t le s  were c lo se d  and th e  dye f a t  
e m u ls if ie d -  by v ig o ro u s  shak ing  a n d -p o u re d - im m e d ia te ly  in t o  p e t r i  
d is h e s . These were d r ie d  f o r  20-24  h in  th e  d a rk . o .1 m l o f
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PLATE 1 :1
L ip o ly t i c  CL] and non L ip o ly t i c  CNL) c o lo n ie s  o f  b a c te r ia  
from  p a s te u r iz e d  m ilk s  on n u t r ie n t  aga r c o n ta in in g  V ic t o r ia  
b lu e  dye a f t e r  3 d a t  30°C
\
th e  sample d i l u t i o n  was spread on th e  s u r fa c e  o f  th e  aga r u s in g  
a p la tin u m  w ire  s p re a d e r. The d im ens ions  o f  th e  s p re a d e r a re  
shown in  th e  d raw ing  be low .
15 mm
30 mm
The in o c u la te d  p la te s  were in c u b a te d  f o r  th re e  days a t  30°C and
V
then  exam ined- C le a r  b lu e  c o lo n ie s ,  in d ic a t iv e  o f  th e  g row th  
o f  l i p o l y t i c  o rgan ism s were coun ted  w ith  th e  naked eye. O nly 
p la te s  w ith  between B and 60 b lu e  c o lo n ie s  were c o u n te d .
4. P r o te o ly t ic  c o u n t
These b a c te r ia  were d e te c te d  by an im proved aga r medium by M a rt le y  
e t . a l . [1 9 7 0 ]. The c o m p o s it io n  o f  the  medium was: s ta n d a rd  method
a g a r [SMA] 23 .5  g [p a n c re a t ic  d ig e s t  o f  c a s e in  5 g , y e a s t e x t r a c t  2 .5  g , 
g lu c o s e  1 g and aga r 15 g ] ,  sodium c a s e in a te  10 g , h yd ra te d  t r is o d iu m  
c i t r a t e  4 .41  g and C ad l2 '6H 20 4 ,38  g . The sodium c a s e in a te  was 
d is p e rs e d  in  h a l f  o f  th e  0 ,015  M sodium  c i t r a t e  s o lu t io n  u s in g  a 
S ilv e rs o n  b le n d e r and was th e n  added to  th e  SMA w h ich  had been 
re h y d ra te d  in  th e  o th e r  h a l f  o f  th e  sodium  c i t r a t e  b e fo re  a u to c la v in g  
a t  121°C f o r  15 m in . F in a l ly ,  20 ml o f  s t e r i l e  1M CaCl2  s o lu t io n  
were added to  th e  m o lte n  medium. The pH i s  6 .6 .  The com p le te  
medium, r e fe r r e d  to  as s ta n d a rd  methods c a s e in a te  aga r [SMCA], was 
m ixed th o ro u g h ly  by g e n t le  a g i t a t io n  b e fo re  be ing  d ispensed  in  12 ml 
amounts in  f la t - b o t to m e d  p e t r i  d ish e s  to  fo rm  a la y e r  2 mm t h ic k .
The p la te s  were h e ld  a t  30°C f o r  48 h and then  s to re d  a t  5°C u n t i l  
used. D u p lic a te  0 .1  m l s o lu t io n s  o f  1 0 - fo ld  d i lu t io n s  in  q u a r te r  
s t re n g th  R in g e r 's  s o lu t io n  o f  th e  p a s te u r iz e d  m ilk  were spread on 
th e  s u rfa c e  o f  SMCA p la te s  w ith  s t e r i l e  b en t g la s s . r o d s .  The 
p la te s  were a llo w e d  to  d ry  f o r  15 m in and were in c u b a te d  f o r  72 h 
a t  30°C. Organism s w h ich  form ed a w h ite  o r  o f f - w h i t e  p r e c ip i t a t e
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PLATE 1 :2
P r o te o ly t ic  CP] and n o n - p r o te o ly t ic  CNP] c o lo n ie s  o f  
b a c te r ia  fro m  p a s te u r iz e d  m ilk s  on a s ta n d a rd  method 




around th e  c o lo n y  on SMCA were c o n s id e re d  to  be p r o te o ly t ic  b a c te r ia .
5 . -B_. ce reus  coun t '
The number o f  the se  b a c te r ia  was d e te rm ine d  a c c o rd in g  to  th e  method 
d e s c r ib e d  by H a rr ig a n  and McCance (1 9 7 6 ).
The medium used in  t h i s  method was p repa red  as fo l lo w s
a . B asa l m edium :- peptone 10 g , meat e x t r a c t  1 g ,  D -m a n n ito l 
10 g , sodium c h lo r id e  10 g , pheno l red  0 .2  p e r c e n t Cw/v] 
s o lu t io n . -12 .5  m l, a g a r 15 g and d i s t i l l e d  w a te r 887 ,5  ml w ith  a 
f i n a l  pH 7 .1 ,  The in g r e d ie n ts  were d is s o lv e d  in  th e  d i s t i l l e d  
w a te r and th e  medium was d is t r ib u te d  in  90 ml amounts in  sc rew - 
capped b o t t le s  and s t e r i l i z e d  by h e a tin g  a t  121°C f o r  15 m in ,
b.. p re p a ra t io n  o f  th e  a n t i b io t i c * -  50 mg o f  p o ly m y x in  B 
s u lp h a te  were d is s o lv e d  in  50 ml o f  d i s t i l l e d  w a te r  and 
s t e r i l i z e d  by f i l t r a t i o n ,
c . p re p a ra t io n  o f  th e  com p le te  medium :- 10 ml o f  e g g -y o lk  
e m u ls ion  was added to  90 ml o f  m o lte n  medium a t  45 to  50°C,
Then 1 m l o f  s t e r i l e  p o lym yx in  B s u lp h a te  s o lu t io n  was added.
The f i n a l  c o n c e n tra t io n  o f  th e  a n t i b io t i c  in  th e  medium was 
th u s  10 mg p e r m l o f  th e  medium. The medium was m ixed w e l l  
and 15 m l q u a n t i t ie s  were added to  p e t r i  d is h e s . The poured 
p la te s  were d r ie d  f o r  1 h a t  45°C b e fo re  be ing  used. The 
com p le te  medium was c a l le d  m a n n ito l e g g -y o lk  pheno l red  
p o lym yx in  aga r CMEPP a g a r ] .
d. p ro c e d u re :-  0.1 m l amounts were t r a n s fe r r e d  fro m  s e r ia l  
d i lu t io n s  o f  p a s te u r iz e d  m ilk  to  d u p lic a te s  o f  pou red , d r ie d  
MEPP a g a r. The in o cu lu m  was spread e ve n ly  o v e r th e  s u rfa c e  o f  
each p la te  w ith  a s t e r i l e  r i g h t  ang led  g la s s  ro d . The p la te s  
were in v e r te d  and in c u b a te d  f o r  48 h a t  30°C. The c o lo n ie s  
w ith  a rough and d ry  fo rm  and w ith  a v io le t - r e d  background and 
a ha lo  o f  dense w h ite  p r e c ip i t a t e  were presumed to  be B, ce reus
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_  _ ' The c o lo n ie s  were co n firm e d  to  be _B. ce reus  by s t re a k in g
them on e g g -y o lK  a g a r fo l lo w e d  by c u l tu r e  on n u t r ie n t  a g a r s lo p es  
and m ic ro s c o p ic  e x a m in a tio n  f o r  th e  p resence  o f  g ra m -p o s it iv e  rods  
and c a p a b i l i t y  o f  s p o r u la t io n ,
6, C o lifo rm  b a c te r ia
These b a c te r ia  were d e te rm in e d  a c c o rd in g  to  th e  IDF s ta n d a rd  method 
40; 1966 C ID F /F IL , 19663' u s in g  2 p e r c e n t O xoid  b rand  b r i l l i a n t  g reen 
la c to s e  b i l e  b ro th  w h ich  c o n ta in e d  peptone 10 g , la c to s e  10 g , 
o x g a l l  [ d r y ]  20 g and b r i l l i a n t  g reen  0 ,0133 g .
a . p re p a ra t io n  o f  th e  medium: 40 g o f  th e  d ehyd ra ted  p repa red  
m_ed.iaüU& were d is s o lv e d  in  d i s t i l l e d  w a te r . The f i n a l  pH was 
7 .2 .  The l i q u id  medium was d ispensed  in  10 ml amounts in
t e s t  tubes  each c o n ta in in g  a Durham gas tube  and s t e r i l i z e d  in  
th e  a u to c la v e  a t  121°C f o r  15 m in .
b . . p ro ce d u re : s e r ia l  d i lu t io n s  o f  p a s te u r iz e d  m i lk  were
p repa red  in  q u a r te r  s t re n g th  R in g e r 's  s o lu t io n .  Each d i l u t i o n  
was in o c u la te d  in  p a r a l l e l  in t o  th re e  t e s t  tubes  u s in g  1 ml to  
e ach ^ tu be . The in o c u la te d  tu b e s  were in c u b a te d  f o r  th re e  days 
a t  30°C. The v is ib le  fo rm a tio n  o f  gas was e v a lu a te d  as a
, p o s i t iv e  r e s u l t .  The number o f  p o s i t iv e  tu b e s  was used in
re a d in g  th e  most p ro b a b le  number [HPN] o f  c o l i f o r m  b a c te r ia
from  th e  McCrady ta b le  f o r  th re e  p a r a l le l  s e r ie s .
7. Rapid  t e s t  o f  p o s t - p a s te u r iz a t io n  c o n ta m in a tio n  f o r  HTST 
P a s te u r iz e d  m ilk
To d e te c t  p o s t - p a s te u r iz a t io n  c o n ta m in a tio n , a ra p id  t e s t  was done 
a c c o rd in g  to  th e  m ethod d e s c r ib e d  by Langeve ld  e t . a l . [19763 .
D u p lic a te  packs o r  b a t t le s  fro m  each source  were in c u b a te d  a t  25°C 
f o r  24 h. Then 0,01 ml fro m  each c o n ta in e r  was spread by a s p e c ia l 
p la t in u m  loop  on each o f  two p e t r i  d is h e s  w h ich  c o n ta in e d  th e  w e l l -  
d r ie d  s e le c t iv e  medium. P la te  c o u n t aga r (D ifo o )  was used in  t h i s
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method w ith  one o f  th e  fo l lo w in g  s e le c t iv e  a g e n ts :
a . 50 mg/kg o f  B enza lkon A-50 p e r c e n t C M erck-S chuchard t] .
b . 1000 mg/kg o f  Janus g reen  [H opk ins  and W i l l ia m s ] ,
c . 1000 mg/kg o f  Brom othym ol b lu e  [S c h u c h a rd t] .
The p la te s  were in v e r te d  and a d rop  o f  g ly c e r o l  was p la ce d  on th e  l i d  
to  p re ve n t, th e  sp re ad in g , o f  th e  c o lo n ie s  on th e  s u rfa c e  o f  th e  
p la te s .  The p la te s  were in c u b a te d  a t  30°C f o r  24 h . The r e s u l t s
were re co rd e d  as p o s i t iv e  i f  more tha n  one c o lo n y  deve loped  d u r in g
th e  above in c u b a t io n  p e r io d .
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SECTION 2 . . CHEMICAL METHODS
1. pH
pH re a d in g s  were o b ta in e d  u s in g  a Model 290 MK2 pH m e te r made by 
Pye Unicam . B e fo re  m easurem ent, th e  equipm ent was a d ju s te d  u s in g  
b u f fe r s  o f  Known pH ta k in g  in t o  c o n s id e ra t io n  th e  te m p e ra tu re  o f  
th e  sam ple. Tw enty ml o f  th e  p a s te u r iz e d  m ilk  in  a s m a ll p la s t i c  
c o n ta in e r  was used f o r  th e  d e te rm in a t io n  o f  pH. The average  o f  two 
re a d in g s  was re c o rd e d .
2 . T i t r a t a b le  a c id i t y
The t i t r a t a b l e  a c id i t y  o f  m i lk  was measured a c c o rd in g  to  B ,S . 1741 
[ B r i t i s h  S tandards  I n s t i t u t i o n ,  1 9 6 3 ], u s in g  1 m l o f  a 0 .5  p e r c e n t
[w /v ]  s o lu t io n  o f  p h e n o lp h th a le in  a s ^ in d ie a to r .  Ten m l o f  th e  sample
were t i t r a t e d  a g a in s t  N /9 sodium  h y d ro x id e  s o lu t io n .  The t i t r a t a b l e
a c id i t y  was expressed  as p e rce n ta g e  l a c t i c  a c id .
/
3. D is s o lv e d  oxygen c o n te n t
The d is s o lv e d  oxygen c o n te n t o f  samples o f  p a s te u r iz e d  m i lk  was 
measured u s in g  th e  D is s o lv e d  Oxygen Probe Model No. 8012 made by 
E le c t r o n ic  In s tru m e n ts  L im ite d  [E IL ] ,  About 120 ml o f  th e  sample 
were measured in t o  a c o n ic a l f la s k  w ith  g la s s  s to p p e r and warmed in  a 
w a te r ba th  to  17°C im m e d ia te ly  b e fo re  th e  oxygen c o n te n t was m easured. 
The in s tru m e n t was f ix e d  a t  ze ro  oxygen le v e l  w ith  5’ p e r c e n t [w /v ]  o f  
sodium  s u lp h ite  s o lu t io n  b e fo re  i t  was used.
4. Phosphatase t e s t
The phosphatase  t e s t  was d e te rm ine d  a c c o rd in g  to  th e  IDF s ta n d a rd  
method 82; 1978 [ ID F /F IL ,  1 9 7 8 ]. One ml o f  sample was added to  5 ml 
d iso d iu m  p - ra itro p h e n y l phosphate  b u f fe r  s o lu t io n  [pH 1 0 .2 ] in  a t e s t  
tu b e . The tubes  were in c u b a te d  a t  a te m p e ra tu re  o f  37°C f o r  2 h.
The p -n it ro p h e n o l l ib e r a te d  was measured in  d i r e c t  com parison  w ith  
s ta n d a rd  c o lo u r  g la s s e s  in  a s im p le  com para to r u s in g  r e f le c te d  l i g h t .  
The r e s u l t  was p o s i t iv e  i f  th e  re a d in g  was more than  10 mg 
p -n it r o p h e n o l p e r m l.
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5. V ita m in  C (a s c o rb ic  a c id  and d e h y d ro a s c o rb lc  a c id ]
V ita m in  C was d e te rm ine d  u s in g  th e  2 , B -d ic h lo ro p h e n o lin d o p h e n o l CDCP] 
v is u a l  t i t r a t i o n  method d e s c r ib e d  by T o o t h i l l  e_t. a l , [1 9 7 0 ].
Cucumber ju ic e  [ v a r ie t y ,  F a r b io la ]  was used f o r  o x id a t io n  and a 
suspens ion  o f  E s c h e r ic h ia  c o l l  f o r  re d u c t io n .  DCP [BDH L td . ]  was 
used as an o x id iz in g  agen t d u r in g  th e  t i t r a t i o n  o f  the  m ilk  sam ples.
The fo l lo w in g  p ro ced u re  was used f o r  th e  d e te rm in a t io n  o f  v ita m in  C:
a . d e te rm in a t io n  o f  a s c o rb ic  a c id  p lu s  in t e r f e r i n g  su b s ta n ce s .
b . d e te rm in a t io n  o f  a s c o rb ic  a c id ,  d e h y d ro a s c o rb ic  a c id ,  and 
in t e r f e r i n g  su b s ta n ce s .
c . d e te rm in a t io n  o f  a s c o rb ic  a c id ,  d e h y d ro a s c o rb ic  a c id ,  and 
a b la n k  c o n t r o l .
P re p a ra t io n  o f  th e  b a c fe r ia l su sp e n s io n :
The suspens ion  was p re p a re d  as recommended by S te w a rt and Sharp 
[1945 ] u s in g  E_. c o l i  904 [N a t io n a l C o l le c t io n  o f  D a iry  O rg an ism s].
The re d u c t io n  a c t i v i t y  o f  th e  b a c t e r ia l  suspens ion  was checked w ith  
a pure  a s c o rb ic  a c id  s o lu t io n  b e fo re  each t e s t .  The r e s u l t s  were 
m u l t ip l ie d  by a f a c t o r  w h ich  was c a lc u la te d  fro m  th e  pe rcen tag e  
a c t i v i t y  o f  th e  b a c te r ia l  su spe n s io n .
6. A c id  degree va lu e
The a c id  degree v a lu e  [ADV] was d e te rm in e d  a c c o rd in g  to  th e  method 
d e s c r ib e d  by Thomas, N e ils o n  and O lsen [1955] as m o d if ie d  by H u n te r, 
W ilson  and B a rc la y  [1966 , 1 9 6 8 ],
The p r in c ip le  o f  t h i s  method i s  th e  e x t r a c t io n  o f  th e  f a t  from  th e  
m i lk  u s in g  B .D . I .  re a g e n t w h ich  c o n s is ts  o f  30 g T r i to n  x-IGO and 
70 g o f  sodium hexam etaphosphate made up to  one l i t r e .  About 1 g 
o f  th e  e x tra c te d  f a t  i s  weighed in to  a c o n ic a l f la s k  f i t t e d  w ith  a 
g la s s  s to p p e r . The f a t  i s  d is s o lv e d  in  5 m l o f  f a t  s o lv e n t ,  w h ich  
c o n s is te d  o f  4 p a r ts  o f  p e tro le u m  e th e r  [4 0 /6 0 ] and 1 p a r t  o f
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a b s o lu te  m ethano l Cw/v] and t i t r a t e d  a g a in s t a p re v io u s ly  s ta n d a rd is e d  
a lc o h o l ic  so lu tion^K O H  a f t e r  th e  a d d it io n  o f  5 d ro ps  o f  p h e n o lp h th a le in  
1 p e r c e n t [w /v ]  s o lu t io n .  ADV is  d e f in e d  as m l o f  N KDH re q u ire d  to  
n e u t r a l is e  th e  f r e e  f a t t y  a c id s  p re s e n t in  100 g o f  m ilk  f a t .
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CHAPTER TWO
THE QUALITY OF PASTEURIZED MILK FROM RETAIL SOURCES 
INTRODUCTION
Many changes have o c c u rre d  in  re c e n t y e a rs  in  th e  d a i r y  in d u s t r y .
These in c lu d e  methods o f  m i lk  p ro d u c t io n ,  h a n d lin g ,  p ro c e s s in g  and 
d is t r ib u t io n  o f  m i lk  and d a ir y  p ro d u c ts . R e c e n tly  h e a t-p ro ce sse d  
m ilk s  have been m arke ted  in  a re as  w h ich  a re  c o n s id e ra b le  d is ta n c e s  
fro m  th e  p ro c e s s in g  p la n ts .
P ro ce ss in g  d a i r ie s  p re p a re  t h e i r  m ilk s  f o r  d i s t r ib u t io n  t o  th e  p u b l ic  
e i t h e r  d i r e c t l y  by th e  d o o r-s te p  d e l iv e r y  system o r  th ro u g h  sub- 
p u rch a se rs ,^  The p ro c e s s in g  may e i t h e r  be p a s te u r iz a t io n  Clow 
te m p e ra tu re  method o r  HTST), s t e r i l i z a t i o n ,  o r  s in c e  1 s t O c tobe r 1965, 
u l t r a  heat t r e a te d .
R e c e n tly  th e  s a le s  o f  h e a t-p ro c e s s e d  m ilk s  were in c re a s e d  in  th e  U .K.
I t  was 7 ,136  m i l l i o n  l i t r e s  d u r in g  1978-1979. Of t h i s  am ount,
6 ,318 m i l l i o n  l i t r e s  were s o ld  in  England and W ales, w h ile  605 m i l l io n  
l i t r e s  were s o ld  in  S co tla n d  and 213 m i l l i o n  l i t r e s  in  N o rth e rn  
I r e la n d  (The F e d e ra tio n  o f  U .K . M ilk  M a rk e tin g  B oards, 1979).
I t  has been p re v io u s ly  s ta te d  by many in v e s t ig a to r s  th a t  th e  q u a l i t y  
o f  p a s te u r iz e d  m i lk  a f t e r  p ro c e s s in g  can be a f fe c te d  in  many ways.
The te m p e ra tu re  o f  m i lk  d u r in g  d is t r ib u t io n  has been shown to  v a ry  
c o n s id e ra b ly  [R a tz la f fL  1955; Labusehagpe a ^ . ,1971 , and G ray, 1973) 
The o th e r  f a c t o r  is  th e  c o n d it io n  o f  th e  m ilk  in  th e  shops. " f t \c la r ty  
and Robb C l9 6 9 ), found  t h a t  th e  p o o re s t q u a l i t y  o f  p a s te u r iz e d  m ilk  
was th a t  s to re d  in  shops where th e re  was no means o f  r e f r ig e r a t io n .
There a re  many d i f f e r e n t  d a ir y  p la n ts  p ro d u c in g  p a s te u r iz e d  m i lk  in  
S c o tla n d , and th e se  make d e l iv e r ie s  to  a w ide a re a . P a s te u r iz e d  
m i lk  may be s o ld  e i t h e r  by th e  supe rm arke ts  o r  in  s m a lle r  shops. I t  
would seem th a t  w ith  in c re a s in g  s a le s  o f  p rocessed  m ilk s  th ro u g h  
shops th a t  now i s  a s u i ta b le  t im e  to  s tu d y  th e  q u a l i t y  o f  p a s te u r iz e d
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m ilK  on th e  m arke t and compare th e  r e s u l t s  w i t h  s ta n d a rd s  w h ich  a re  
l a i d  down by The M i l k  [S p e c ia l  D e s ig n a t io n s ]  [S c o t la n d ]  O rder [1 9 7 6 ] .
The p ro ced u re s  used in  th e  s h o r t  su rvey  a re  d e s c r ib e d  below. 
EXPERIMENTAL
1. C o l le c t io n  o f  M i l k  Samples
D u r in g  th e  p e r io d  between 1 0 th  A p r i l  and 2 6 th  August 1979, 12 samples 
o f  p a s te u r iz e d  m i l k  were c o l l e c t e d  every  two weeks from  f o u r  d i f f e r e n t  
shops and two supe rm arke ts  i n  A y r  and d i s t r i c t s  i n  so u th -w e s t  S co t la n d , 
Two samples from  each source  were chosen a t  random. The samples were 
produced by s ix  d i f f e r e n t  d a i r y  p la n t s  coded A, B, C, 0 ,  E and P. 
Samples were a l l  c o l le c t e d  w i t h i n  one hour in  th e  m orn ing  and packed 
in  i c e  packs w h i le  be ing  t r a n s p o r te d  t o  th e  l a b o r a t o r y .  A l l  132 
samples ta ke n  i n  th e  su rvey  were ana lyzed  w i t h i n  f o u r  hours o f  
pu rchase .
2. M ic r o b io lo g i c a l  a n a ly s is
M ic r o b io lo g i c a l  t e s t s  were made on th e  samples o f  p a s te u r iz e d  m i l k  by 
th e  methods r e f e r r e d  t o  i n  C hap te r One [S e c t io n  1 :1 ,  2, 3, 4 ,  5, 6 
and 7 ] ,  These in c lu d e d  t o t a l  c o lo n y  c o u n t ,  p s y c h r o t r o p h ic  c o u n t ,  
l i p o l y t i c  c o u n t ,  p r o t e o l y t i c  c o u n t ,  _B. ce reus  count and c o l i f o r m  
c o u n t .  The r a p id  t e s t  f o r  p o s t - p a s t e u r i z a t i o n  c o n ta m in a t io n  was 
made on a number o f  samples from  each r e t a i l  sou rce .
3. Chemical a n a ly s is
T es ts  f o r  pH, t i t r a t a b l e  a c i d i t y  [p e r  ce n t o f  l a c t i c  a c id ]  and 
phosphatase were made on th e  samples by th e  methods r e f e r r e d  to  in  
C hapte r One [S e c t io n .  2 :1 ,  2, 4 and 6 ] ,  The a c id  degree v a lu e  was 
de te rm ined  f o r  s i x  samples f rom  each so u rce ,  i . e .  36 samples in  
t o t a l .
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RESULTS
The la g  1 0  o f  mean, minimum and maximum co un ts  o f  th e  b a c t e r i o l o g i c a l  
t e s t s  a re  g iv e n  i n  Tab le  2 :1 .  The range and means o f  pH and 
t i t r a t a b l e  a c i d i t y  a re  a ls o  g iv e n .
D i s t r i b u t i o n  o f  th e  t o t a l  c o lo n y  co un t and c o l i f o r m  co un t a re  
p re sen ted  i n  T a b les  2 :2  and 2 :3  r e s p e c t i v e l y .  C o r r e la t i o n  c o e f f i c i e n t s  
between the  b a c t e r i o l o g i c a l  and c h e m ica l t e s t s  w h ich  were used i n  th e  
s tudy  a re  g iv e n  i n  Tab le  2 :4 .
T ab les  2 :5  t o  2:11 c o n ta in  th e  r e s u l t s  o f  th e  s t a t i s t i c a l  a n a ly s is  
o f  v a r ia n c e  f o r  th e  b a c t e r i o l o g i c a l  and chem ica l t e s t s  r e la t e d  to  & 
th e  source  o f  m i l k  and th e  d a te  o f  t e s t i n g .
V a r ia t i o n s  o f  th e  d i f f e r e n t  b a c t e r i o l o g i c a l  and ch em ica l t e s t s  w i t h  
th e  d a te  o f  t e s t i n g  a re  i l l u s t r a t e d  i n  Graphs 2:1 and 2 :2  
r e s p e c t i v e l y .
None o f  th e  72 samples o f  p a s te u r iz e d  m i l k  te s te d  by th e  r a p id  p o s t ­
p a s t e u r i z a t i o n  c o n ta m in a t io n  t e s t  passed th e  t e s t  [T a b le  2 :1 4 ] .
Of 132 samples s u b je c te d  to  th e  phosphatase  t e s t ,  8 samples •
[6 ,0 6  p e r  c e n t ]  f a i l e d  th e  t e s t  [10 mg o r  le s s  o f  p - n i t r o p h e n o l / m l  
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D i s t r i b u t i o n  o f  th e  t o t a l  c o lo n y  c o u n t /m l C30°C f o r  3 d )  
o f  p a s te u r iz e d  m i l k s  a t  th e  p o in t  o f  s a le  t o  th e  consumer 
i n  A y r  and d i s t r i c t .  The r e s u l t  i s  expressed as a 
■percentage w i t h i n  th e  range shown.
T o ta l  Co lony C oun t/m l A
Code o f  
B




o f  m i l k  
E F
< 3 X 10^ 81 .8 72.7 68,2 31 .8 77 .3 90.9
3 X 10^ to  5 X 10** 4 .5 13.7 22.7 22 .7 9.1 9.1
5 X 10*" to  10^ 0 .0 4.5- 9.1 0 ,0 9.1 0 .0
> 10^ 13.7 9.1 0 .0 45.5 4 .5 0 .0
TABLE 2 :3
D i s t r i b u t i o n  o f  th e  coun t o f  c o l i f o r m  o rg an ism s /m l C30°C 
f o r  3 d) o f  p a s te u r iz e d  m i l k s  a t  th e  p o in t  o f  s a le  t o  th e  
consumer i n  A y r and d i s t r i c t .  The r e s u l t  i s  expressed




o f  s o u rc e -o f  
C D
m i l k
E F
Absent i n  1 ml 72.7 72.7 68.2 9.1 77 .3 27.3
'P re s e n t  i n  1 -ml 18 .2 18 .2 31.8 45 .5 13.6 63.6
P re s e n t  i n  1 /1000 ml 9.1 9.1 0 .0 4 5 .4 9.1 9.1
*S tanda rd  i n  S c o t la n d  -  C o l i f o r m  organ ism s shou ld  be absen t in  
1 /1000 ml (The M i l k  (S p e c ia l  D e s ig n a t io n s ) ( S c o t la n d )  O rde r ,  1976)
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The t o t a l  co lo n y  c o u n t /m l  C30°C f o r  3 d) o f  p a s te u r iz e d  
m i l k s  a t  th e  p o in t  o f  s a le  t o  th e  consumer in  A y r  and 
d i s t r i c t .  The r e s u l t s  a re  expressed as th e  means o f
th e  lo g The d a ta  re p re s e n ts  22 samples f rom  each source
Code o f  source  o f  m i l k
A B C D E F
T o ta l  c o lo n y  coun t 9 .55  9 .59 9.68 11 .22  9 .16 8 .77
Date o f  t e s t i n g T o ta l  c o lo n y Date o f  t e s t i n g T o ta l  co lo n y
C1979) coun t [1979] coun t
10 A p r i l 9 .84 3 J u ly 10.60
24 A p r i l 9 .17 17 J u ly 9 .28
8 May 9 .83 31 J u ly 9 .55
22 May 8 .94 14 August 9 .73
5 June 9.99 28 August 9 .22
19 June 10.45
Grand mean 9 .742
Df_ MS VR
* * *
Source o f  m i l k  5 14.182 11.31
□ a te  o f t e s t i n g  10 2.979 2 ,37
R e s id u a l 116 1-253
T o ta l 131
Tab le  Source Date
REP 22 12
SED 0.3375 0.4570
* s i g n i f i c a n t  a t 5 p e r  c e n t  l e v e l
* * H  ^ tf It II
* * * »» 0.1
TABLE 2 :6
The coun t o f  p s y c h r o t r o p h ic  b a c te r ia /m l  C7°C f o r  10 d) 
o f  p a s te u r iz e d  m i l k s  a t  th e  p o in t  o f  s a le  t o  th e  
consumer in  A y r and d i s t r i c t .  The r e s u l t s  a re
expressed as th e  means o f  th e  log^ 
22 samples f ro m  each so u rce .
The d a ta  re p re s e n ts
A
Code o f  source  o f  m i l k  
B C □ E
P s y c h r o t ro p h ic
coun t 7 .07  6 .54  6 .06  8 .15  6 .28  7 .48
Date o f  t e s t i n g  P s y c h r o t ro p h ic  
C1979) coun t
Date o f  t e s t i n g  
C19793
P s y c h ro t ro p h ie  
coun t
10 A p r i l  8 .57 3 J u ly 7 .85
24 A p r i l  8 .12 17 J u ly 5 .52
8 May 8 .15 31 J u ly 6 .16
22 May 4 .67 14 August 5 .14
5 June 8 .20  
19 June 8 .15
28 August 5.71
DF MS VR
Source o f  m i l k 5 13.863 -I-7,5.
Date o f  t e s t i n g 10 26.321 3 .33
R e s id u a l 116 7.903
T o ta l 131 9.537
Tab le Source Date
REP 22 12
SED 0. 8480 1.1480
*
* *
s i g n i f i c a n t  a t  5 p e r  c e n t  l e v e l
n It /| It II II
"  0.1
TABLE 2 :7
The coun t o f  l i p o l y t i c  o rg an ism s /m l C30°C f o r  3 d) o f  
p a s te u r iz e d  m i l k s  a t  th e  p o in t  o f  s a le  t o  th e  consumer 
i n  A y r  and d i s t r i c t .  The r e s u l t s  a re  expressed as the  
means o f  th e  lo g ^  . The d a ta  re p re s e n ts  22 samples
from  each source .
L i p o l y t i c  coun t
A
Code o f  source  o f  m i l k  
B * C D E
7.28 6.,89 7.00 8 .83 7 ,55 7 .07
□ate  o f  t e s t i n g  
[1979]
L i p o l y t i c
coun t
Date 'of t e s t i n g  
[1979]
L i p o l y t i c
coun t
10 A p r i l 8 .26  “ 3 J u ly 3 .92
24 A p r i l 7 .74 17 J u ly 6.97)
8 May 7.88 31 J u ly 7.95
22 May 6 .47 14 August 7 .04
5 June 7 ,34 28 August 5.87
19 June 7.37  G^rand mean 7 .44
DF J1_S VR
Source o f  m i l k 5 11.516 3.01
Date- o f  t e s t i n g 10 8.651 2.2Ê
R e s id u a l 116 3.822
T o ta l 131 4.484





*  *  *
s i g n i f i c a n t  a t  5 p e r  c e n t  l e v e l
II  f f  / j  i r  i t
ft ** Q i  "  "  "
TABLE 2 :8  
.o.The co un t o f  _B. c e re u s /ml [30 C f o r  2 d ] o f  p a s te u r iz e d  m i l k s  
a t  the  p o in t  o f  s a le  t o  th e  consumer' i n  A y r  and d i s t r i c t .  The 
r e s u l t s  a re  expressed  as the  means o f  th e  lo g  . The da ta  
re p re s e n ts  22 samples from  each source .
Code o f  source  o f  m i l k
A B C D E F
B. ce reus  co u n t 4 .93 4 .64  4 .47  7 .29 5.16 5 .09
M
Date o f  t e s t i n g  B .ce reus  co u n t  Date  o f  t e s t i n g B .ce reus  co u n t
[19793 [19793
10 A p r i l  5 .56 3 J u ly 2.05
24 A p r i l  6 .39 17 J u ly 5.19
8 May 6 ,09 31 J u ly 5.36
22 May 4 .15 14 August 5 .44
5 June 4 .2 2  
19 June 5 .42
28 August 4 .0 3
Grand mean 5 .26
DF MS VR
* * *
Source o f  m i l k 5 23.161 4.87
Date o f  t e s t i n g 10 7 .890 1.66
R e s id u a l 116 4 .754
T o ta l 131 5.696




*  *  *
s i g n i f i c a n t  a t  5 p e r  c e n t  l e v e l
i r  f i  / |  »  II
II ” 0 1  ”  ”  ”
TABLE 2 :9
The coun t o f  p r o t e o l y t i c  o rg a n ism s /m l C30°C f o r  3 d) o f  p a s te u r is e d  
m i l k s  a t  th e  p o in t  o f  s a le  to  th e  consumer i n  A y r  and d i s t r i c t .
The r e s u l t s  a re  expressed  as the  means o f  th e  lo g  . The da ta  
re p re s e n ts  22 samples f rom  each source .
Code o f  source o f  m i l k  
B C D E
P r o t e o l y t i c  co u n t  6 .92  7 .03  8 .46  8 .48  6.91 7 .15
Date o f  t e s t i n g P r o t e o l y t i c Date o f  t e s t i n g P r o t e o l y t i c
C1979) co u n t C1979) co un t
10 A p r i l 7 .97 3 J u ly 8 .70
24 A p r i l 7 .8 2 17 J u ly 7 .26
a May 7 .50 31 J u ly 7 .22
22 May 6 .32 14 August 8.01
5 June 8 .36 28 August 4 .66
19 June 8.59
Grand mean 7.49
DF MS VR* * *
Source o f  m i l k 5 12.828 4 .9 5
Date o f  t e s t i n g 10 16.272 B . s r
R e s id u a l 116 2.590
T o ta l 131 4.025





*  *  *
s i g n i f i c a n t  a t 5 p e r  c e n t  l e v e l
n ji II
0 .1 ” ■ ” ”
TABLE 2 :1 0
The coun t o f  c o l i f o r m  o rgan ism s C30°C f o r  3 d ] o f  p a s te u r iz e d  
m i l k s  a t  the  p o in t  o f  s a le  t o  th e  consumer i n  A yr  and d i s t r i c t ,  
The r e s u l t s  a re  expressed  as th e  means o f  th e  lo g  , The da ta
re p re s e n ts  22 samples f rom  each source
Code o f  source o f  m i l k
A B C D E F
C o l i fo rm  coun t 0 .99 0 .72 0.36 2 .84  0.63 1.71
Date o f  t e s t i n g C o l i fo r m Date o f  t e s t i n g C o l i fo rm
(1979) coun t (1979) coun t
10 A p r i l 0 .83 3 J u ly 2 .05
24 A p r i l 1.01 17 J u ly 1.01
8 May 0. 61 31 J u ly 1 .75
22 May 0 .24 14 August 1 .09
5 June 1 .40 28 August 1 .35
19 June 1 .96
Grand mean 1.21
□F MS VR
Source o f  m i l k  5
□a te  o f  t e s t i n g  10
R es idua l.  116


















*  *  *
s i g n i f i c a n t  a t  5 p e r  ce n t l e v e l
t f  11 / |  i r  jp  I t
It ” 0 1  ”  ”  ”
TABLE 2 :11
The t i t r a t a b l e  a c i d i t y  o f  p a s te u r iz e d  m i l k s  a t  th e  p o in t  o f  
s a le  t o  th e  consumer in  A y r  and d i s t r i c t .  The da te  re p re s e n ts  
22 samples from  each source
A
Code o f  source  o f  m i l k  
B C □ E
T i t r a t a b l e  a c i d i t y  0.151 0.152 0,151 0.151 0.150 0.155
Date o f  t e s t i n g T i t r a t a b l e Date o f  t e s t i n g T i t r a t a b l e
C1979] coun t C1979) coun t
10 A p r i l  , 0 .153 3 J u ly 0.146
24 A p r i l 0 .155 17 J u ly 0.157
8 May 0.160 31 J u ly 0.145
22 May 0.153 14 August 0.141
5 June 0.157 28 August 0.149
19 June 0.152 G^rand mean 0 .152
DF MS VR
Source o f  m i l k 5 0.00006810 1 .9 3 ,
Date o f  t e s t i n g 10 0.00040979 10.98
R e s id u a l













* * s i g n i f i c a n t  a t 5 p e r  c e n t  l e v e l ^ II II  II
0 . 1  "
TABLE 2 :1 2
The pH v a lu e  o f  p a s te u r iz e d  m i l k s  a t  th e  p o in t  o f  s a le  
t o  th e  consumer in  A y r  and d i s t r i c t .  The d a ta  re p re s e n ts  




o f  source  o f  m i l k  
C D E F
6 .72  6 .70 6 .72 6 .70  6 .70 6 .70
Date o f  t e s t i n g pH Date o f  t e s t i n g pH
(1979) ((1970)
10 A p r i l 6 .69 3 J u ly 6.71
24 A p r i l 6.71 17 J u ly 6 .74
8 May 6 .70 31 J u ly 6.71
22 May 6 .70 14 August 6 .68




Source o f  m i l k  5 D .002265
Date o f  t e s t i n g  10 0.00445
R e s id u a l  116 0.001043
T o ta l  131 0.001350
2.17
4 . 2 r









*  *  *
s i g n i f i c a n t  a t  5 p e r  ce n t l e v e l
i f  I f  /] f l  fl } f
,f " 0.1 ' ' '
TABLE 2 :1 3
The a c id  degree v a lu e  o f  p a s te u r iz e d  m i lK s  a t  the  
p o in t  o f  s a le  t o  th e  consumer in  A y r  and d i s t r i c t
Date o f  t e s t i n g  
C1979)




o f  source  o f  
C D
m i l  K 
E F
1 0.68 0.57 0.88 0. 66 0 .75 0.65
31 J u ly
2 0.77 0 .60 0.78 0.66 0 .69 0.76
3 0 .90 0 .75 0.73 0 .83 0.76 0 :94
14 August
4 0 ,85 0.78 0.84 0.88 0.77 0.81
5 0.95 0 ,75 0.65 0.85 0.85 0.78
28 August
6 0.92 0. 68 0.71 0 .92 0.81 0.81
The mean 0.84 0 .72 0.76 0.80 0.77 0.79
TABLE 2 :1 4
The r e s u l t s  o f  th e  r a p id  t e s t  f o r  p o s t - p a s t e u r i z a t io n  
u s ing  th r e e  d i f f e r e n t  s e le c t i v e  media. The r e s u l t s  
a re  expressed as p o s i t i v e  i f  more than  one co lo n y  
grow on the  s e le c t i v e  media a f t e r  24 h a t  3Q°C
-Date o f  
t e s t i n g No. o f  sample
Benzalkon A-! 
100 mg/Ka
50% Janus green 
1000 mg/kg
Bromothymol b lue  
1000 mg/kg
[1979] Code o f  source o f m i l k
A B c D E F A B C D E F A B C D E F
19 June 1 + b b b b + b b b b b b b ■b b b b +
2 + b b b b + b b b 4- 4* b b b b b b 4-
3 J u ly 3 + b b b b b ■ b b 4- + b b b b b b 4"
4 b b b b + b b b + + b b b b b b 4"
17 J u ly 5 + b b b b + b b b + 4* b b b b b b 4*
6 b b b b b 4* b b b 4“ 4- b b b b b b 4*
31 J u ly 7 b b b b b 4* b b b 4" 4" b b b b b b 4*
8 b b b b b 4- b b b 4- 4* b b b b b b 4*
14 August 9 b b b b b 4" b b b f  + b b b b b b 4-
10 b b b b b 4* b b b 4" 4* b b b b b b 4*
28 August 11 b b - b b b 4* b b b + 4* b b b b 4 b 4-
12 b b b b b 4- b b b 4* + b b b b b b 4



















































































































1, T o ta l  co lo ny  coun t
In  S co t la n d  th e  t o t a l  c o lo n y  coun t f o r  th e  'S ta n d a r d ’ g rade  o f  raw 
m i l k  must be le s s  than  50,000 p e r  ml [The M i l k  [S p e c ia l  D e s ig n a t io n s ]  
[S c o t la n d ]  O rd e r ,  1 9 7 6 ].  The r e s u l t  o f  t h i s  s tud y  showed t h a t  15.9  
p e r  ce n t o f  th e  samples o f  p a s te u r iz e d  m i l k  te s te d  were above t h i s  
l e v e l .  But when th e  r e s u l t s  were compared w i t h  th e  s tan d a rd  i n  th e  
U .S .A . f o r  g rade  A o f  p a s te u r iz e d  m i l k  o f  no t more tha n  30,000 
b a c te r ia  p e r  ml [ M i l k  Ordance and Code, 1979] > 26.7 p e r  ce n t  o f  th e  
samples o f  p a s te u r iz e d  m i l k  were i n  excess o f  t h i s  l e v e l .
The p o o re s t  q u a l i t y  o f  p a s te u r iz e d  m i l k  was found in  th e  samples 
from  th e  shops w i th o u t  r e f r i g e r a t i o n .  These f i n d i n g s  c o n f i rm  .
tho se  o f  M cLarty  and Robb [1 9 6 9 ] .
The s t a t i s t i c a l  a n a ly s is  r e s u l t s  [T a b le  2 :5 ]  show a s i g n i f i c a n t  
d i f f e r e n c e  a t  0.1 p e r  ce n t  l e v e l  i n  th e  t o t a l  c o lo n y  coun t between 
th e  sources o f  m i l k ,  w h i le  th e  d a te s  o f  t e s t i n g  [ i n d i c a t i v e  o f  
am bien t c o n d i t io n s ]  gave a s i g n i f i c a n t  d i f f e r e n c e  a t  5 p e r  c e n t  l e v e l  
when th e  v a r ia n c e  r a t i o  [VR] i s  compared w i t h  th e  F -v a lu e  i n  th e  
s t a t i s t i c a l  t a b le s .  The h ig h e s t  l e v e l  o f  t o t a l  c o lo n y  coun t appeared 
i n  June and J u ly  and t h i s  i s  shown in  Graph 2 :1 .  These r e s u l t s  a re  
in  agreement w i t h  th o s e  o b ta in e d  by Burgwald and Josephson [1 9 4 7 ] ,  
R og ick  and Burgwald [1 9 6 2 ] ,  F in le y  e t . a l . [1 9 6 8 ] ,  M cLa rty  and Robb, 
[1969] and Jones and L a n g lo is  [1 9 7 7 ] ,  There i s  a h ig h ly  s i g n i f i c a n t  
d i f f e r e n c e  [p < 0 ,0 0 1 ]  between th e  c o lo n y  coun t from  samples from  
source  0 and th e  o th e rs .  T h is  may be r e la t e d  t o  th e  u n s u i t a b le  
te m p e ra tu re s  o f  th e  s to ra g e  c a b in e ts  i n  th e  su pe rm arke t.  The 
p ro c e s s in g  source  o f  t h i s  m i l k  was from  an area wh ich  was a t  some 
d is ta n c e  from  A y r .  In  t h i s  case , th e  m i l k  to o k  1 o r  2 days a f t e r  
p ro c e s s in g  t o  reach  th e  su p e rm arke t .  However, when compared w i t h  
source  E where th e  p rocessed  m i l k  was d e l iv e r e d  from  th e  same 
d is ta n c e ,  th e re  i s  a h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  a t  0.1 p e r  ce n t 
l e v e l  i n  t o t a l  c o lo n y  c o u n t .  T h is  may be due t o  d i f f e r e n t  q u a l i t y  
s tan d a rds  a t  th e  d a i r i e s  and a ls o  to  th e  packag ing  system s, m i l k  
from  source  E be ing  packaged in  T e t ra  Pak c o n ta in e r s  and D in
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Pure PaK, th e  l a t t e r  pack hav ing  a head space w h ich  co u ld  g iv e  th e  
a e ro b ic  b a c te r ia  a chance t o  deve lop  more r a p i d l y  tha n  i n  th e  m i l k  
f rom  source  E CSchonbornm K in k e l  and M u l le r ,  1965)
2. P s y c h ro t ro p h ic  coun t
In c re a se d  a t t e n t i o n  has been g iv e n  r e c e n t l y  t o  th e  p s y c h r o t r o p h ic  
b a c te r ia .  T h is  i s  because m i l k  i s  he ld  f o r  lo n g e r  p e r io d s  a t  low 
te m p e ra tu re  b e fo re  p ro c e s s in g  and a f t e r  p ro c e s s in g  and in  h a n d l in g  and 
d i s t r i b u t i o n .  Most o f  th e  p s y c h r o t ro p h ic  b a c te r ia  in  p a s te u r iz e d  
m i l k  a re  caused by p o s t - p a s t e u r i z a t i o n  c o n ta m in a t io n  w h ich  has been •. 
e s t im a te d  as a c c o u n t in g  f o r  abou t 80 p e r  ce n t o f  th e  prob lem s i n  th e  
s h e l f - l i f e  o f  p a s te u r iz e d  m i l k ,  th e  re m a in in g  20 p e r  ce n t be ing 
caused by h e a t - r e s i s t a n t  p s y c h ro t ro p h s  C & f id fe l t ,  1980),
I n  t h i s  s tu d y ,  none o f  th e  samples o f  p a s te u r iz e d  m i l k  t e s te d  by th e  
p o s t - p a s t e u r i z a t io n  c o n ta m in a t io n  t e s t  passed [T a b le  2 :1 4 ) .  The 
r e s u l t s  o f  th e  s t a t i s t i c a l  a n a ly s is  [T a b le  2 :6 )  showed t h a t  th e r e  
was a s i g n i f i c a n t  d i f f e r e n c e  a t  0.1 p e r  ce n t l e v e l  i n  th e  p s y c h r o t r o p h ic  
coun t o b ta in e d  on d i f f e r e n t  days o f  sam p ling .  T h is  i s  because some 
o f  th e  m i l k  c o u ld  be te s te d  1, 2 o r  3 days a f t e r  p ro c e s s in g .  Thomas, 
G r i f f i t h s  and F ou lkes  [ I9 6 0 )  s ta te d  t h a t  th e  r a t e  o f  m u l t i p l i c a t i o n  
o f  p s y c h r o t ro p h ic  b a c te r ia  in  r e f r i g e r a t e d  m i l k  v a r ie s  from  sample to  
sample, depending on th e  ty p e s  o f  b a c te r ia  dom inant i n  th e  m i l k .
O the rs  found t h a t  p s y c h r o t r o p h ic  b a c te r ia  in c re a s e d  s l i g h t l y  i n  two 
days, and r a p id l y  a f t e r  th e  t h i r d  day [W atrous e t .  a l . ,  1952;
Hempler, 1955).
V u k e l ic  e t . a l . [1975) found  t h a t  a r a p id  g row th  o f  p s y c h r o t ro p h ic  
b a c te r ia  o c c u r re d  a f t e r  48 h a t  7°C and a f t e r  72 h a t  5°C.
The c o r r e l a t i o n  c o e f f i c i e n t  between th e  p s y c h r o t ro p h ic  coun t and 
t o t a l  c o lo n y  coun t was 0 .70  [p < 0 .0 0 1 ) [T a b le  2 :4 ) .  J o os te  and 
G r o e n v e ld [ l971) found  i t  t o  be 0 .72  . Thomas [1958) s ta te d  t h a t  
p a s te u r iz e d  m i l k  sh ou ld  be s o ld  t o  the  consumer w i t h  le s s  than  
1 0 ,0 00 /m l o f  p s y c h ro t ro p h s .  In  t h i s  s tud y  22.7 p e r  ce n t  o f  the
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samples f a i l e d  t h i s  suggested s ta n d a rd .  In  a s tud y  made by M cLa rty  
and Robb C1969), 20 p e r  ce n t f a i l e d  t h i s  l e v e l  when th e  p a s te u r iz e d  
m i l k  from  a r e t a i l  source  was he ld  a t  5°C f o r  24 h.
3, L i p o l y t i c  coun t
L i p o l y t i c  o rgan ism s w h ich  a re  p redom ina n t i n  p a s te u r iz e d  m i l k  in c lu d e  
sp ec ies  o f  Pseudomonas, Aehrombfaacfey, . S ta p h y lo c o c c u s , S e r r a t i a , 
F la v o b a c te r iu m , A le a l ig e n e s  and M ic ro c o c c u s . These l i p o l y t i c  
organ ism s a re  a ls o  found  i n  d a i r y  p ro d u c ts .  The e f f e c t  o f  these  
sp ec ies  i s  to  p roduce  l i p a s e  enzymes which  to g e th e r  w i t h  th e  n a tu r a l  
m i l k  l i p a s e  enzyme cause h y d r o ly s i s  o f  th e  f a t  g i v in g  r i s e  t o  ^
r a n c i d i t y  i n  th e  m i l k .  Thomas [1970] r e p o r te d  t h a t  o rgan ism s o f  th e  
genus Pseudomonas accoun ted  f o r  62.1 t o  70.1 p e r  c e n t  i n  th e  t o t a l  
co lo n y  co un t i n  p a s te u r iz e d  m i l k .
From th e  r e s u l t s  shown i n  Tab le  2 :7 ,  th e re  i s  a s i g n i f i c a n t  d i f f e r e n c e  
a t  5 p e r  c e n t  l e v e l  i n  l i p o l y t i c  coun t between th e  sources o f  m i l k .
The same l e v e l  o f  d i f f e r e n c e  was found  between th e  days o f  sam p ling .
The t o t a l  c o lo n y  and p s y c h r o t r o p h ic  coun ts  showed a c o r r e l a t i o n  
c o e f f i c i e n t  o f  0 .77 [p < 0 ,0 0 1 ) and 0 ,79 [p < 0 ,0 0 1 ) r e s p e c t i v e ly  
w i t h  th e  l i p o l y t i c  co un t [T ab le  2 : 4 ) .  The h ig h e r  l i p o l y t i c  coun t 
was found  i n  p a s te u r iz e d  m i l k  f ro m  source  D. T h is  i s  r e la t e d  to  th e  
h ig h  t o t a l  c o lo n y  coun t i n  t h i s  m i l k .  There i s  a d i f f e r e n c e  
between th e  o th e r  d a i r i e s ,  bu t i t  i s  no t s i g n i f i c a n t .  T h is  d i f f e r e n c e  
m ig h t  be due to  th e  v a r i a t i o n  i n  th e  source  o f  m i l k ,  p ro c e s s in g  
c o n d i t io n s  and th e  degree o f  p o s t - p a s t e u r i z a t i o n  c o n ta m in a t io n .
4, B. cereus coun t
T h is  i s  a s p o re - fo rm in g  o rgan ism  w h ich  was f i r s t  i s o la t e d  from  a i r  
by F ra n k la nd  and F ra n k la nd  [1 8 8 7 ) .  T h is  b a c te r iu m  i s  a ve ry  
im p o r ta n t  f a c t o r  a f f e c t i n g  th e  keep ing  q u a l i t y  o f  p a s te u r iz e d  m i l k  
by caus ing  a f a u l t  s i m i l a r  t o  t h a t  found in  b i t t y  cream. F r a n k l in  
[1969) re p o r te d  t h a t  _0. ce reus  spores can g e t  i n t o  th e  m i l k  from  
th e  s k in  o f  cows, d u s t ,  d i r t ,  fa e c e s ,  s o i l ,  f o d d e r ,  f l i e s  and th e  
s u r fa c e s  o f  u t e n s i l s  and d a i r y  p l a n t .  B i l l i n g  and C u th b e r t  [1958)
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found  a v e ry  h ig h  number o f  _B. cereus  spores i n  washed m i l k  cans.
From the  r e s u l t s  p re s e n te d  i n  T a b le  2 :8 ,  th e  lo w e s t  coun t was found  
i n  J u ly ,  These f i n d i n g s  c o n f i rm e d  th e  r e s u l t s  o f  Ridgway [1954] and 
F r a n k l in ,  W i l l ia m s  & Clegg [1 9 5 6 ] ,  There was no s i g n i f i c a n t  
d i f f e r e n c e  i n  th e  coun t o f  _B. ce reus  d u r in g  the  p e r io d  o f  t h i s  s tu d y .  
T h is  m ig h t  be due to  th e  s low  g e rm in a t io n  o f  th e  spores  o f  _B. ce reus  
i n  the  m i l k  wh ich  were found t o  have a lo w e r  g e rm in a t io n  r a t e  than  th o s e  
wh ich  were i s o la t e d  from  s o i l  and dung [La b o ts  and Hup, 1964; Lab o ts ,  
Hup and G a le s lo o t ,  196 5 ],
5. . P r o t e o l y t i c  co un t v
The common p r o t e o l y t i c  b a c te r ia  a re  th e  sp ec ies  o f  B a c i l l u s ,
C lo s t r i d iu m , Pseudomonas and P ro te u s . These b a c te r ia  a re  v e ry  
im p o r ta n t  i n  caus ing  d e t e r i o r a t i o n  i n  p a s te u r iz e d  m i l k .  The common 
p s y c h r o t ro p h ic  b a c te r ia  a re  s t r o n g ly  p r o t e o l y t i c  and cause an 
u n d e s ira b le  f l a v o u r  i n  th e  m i l k  due t o  h y d r o ly s is  o f  th e  m i l k  p r o t e i n .  
There i s  a h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  a t  0 ,1 p e r  c e n t  l e v e l  i n  th e  
p r o t e o l y t i c  coun t between th e  sources  o f  m i l k  and th e  same l e v e l  o f  
d i f f e r e n c e  fo u n d  between th e  days o f  sam pling  [T a b le  2 :9 3 ,
These d i f f e r e n c e s  a re  due to  th e  d i f f e r e n c e  i n  th e  source  o f  m i l k  
and th e  seasona l v a r i a t i o n .  The p r o t e o l y t i c  coun t depends on the  
number o f  s p o re - fo rm in g  p r o t e o l y t i c  b a c te r ia  wh ich  s u rv iv e  heat 
t re a tm e n t  t o g e th e r  w i t h  th e  p o s t - p a s t e u r i z a t i o n  c o n ta m in a t io n  by 
n o n -s p o re - fo rm in g  p r o t e o l y t i c  b a c te r ia  [ e . g .  Pseudomonas and P r o te u s ) ,  
The h ig h e s t  coun t o f  p r o t e o l y t i c  o rgan ism s was found  i n  m i l k  from  
sources C and D [T a b le  2 : 9 ] ,  In  th e  case o f  source  C th e  m a jo r i t y  
o f  th e  p r o t e o l y t i c  b a c te r ia  was from  th e  raw m i l k  as s p o re - fo rm in g  
b a c te r ia  because th e r e  was n o t  th e  same in c re a s e  i n  th e  t o t a l  c o lo n y  
coun t compared w i t h  m i l k  from  source  □ . In  the  case o f  source  D 
most o f  th e  c o n ta m in a t in g  p r o t e o l y t i c  o rgan ism s e n te re d  th e  m i l k  a f t e r  
p ro c e s s in g .  There i s  no s i g n i f i c a n t  d i f f e r e n c e  i n  th e  p r o t e o l y t i c  
coun t between th e  o th e r  sources  [A, B, E and F 3 [T a b le  2 :9 3 .
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B. C o l i f o rm  co u n t
The M i l k  [S p e c ia l  D e s ig n a t io n s ]  [S c o t la n d ]  O rder [1976] s t i p u l a t e s  
t h a t  c o l i f o r m  b a c te r ia  shou ld  be absen t i n  1 /1000 ml o f  
p a s te u r iz e d  m i l k .  In  t h i s  s tudy  13.6  p e r  c e n t  o f  th e  samples f a i l e d  
t h i s  l e g a l  s ta n d a rd .  About h a l f  o f  th e  samples f a i l i n g  th e  s ta n d a rd  
were from  source  0.
Many i n v e s t i g a t o r s  have dem onstra ted  t h a t  c o l i f o r m  b a c t e r ia  deve lop  
r a p id l y  i n  the  summer t im e  when am bient c o n d i t io n s  a re  a t  t h e i r  
h ig h e s t  i n  c o m m e rc ia l ly  p a s te u r iz e d  m i l k  [D a h lb e rg ,  1945; McCallum, 
1960 and M cLarty  and Robb, 1 9 6 9 ].  I n  t h i s  s tud y  th e  h ig h e s t  coun t 
o f  c o l i f o r m  b a c te r ia  was o b ta in e d  i n  th e  summer m onths.
The number o f  c o l i f o r m  b a c t e r ia  found  i n  p a s te u r iz e d  m i l k  from  
source  D was s i g n i f i c a n t l y  h ig h e r  [p < 0 .0 0 1 ]  than  t h a t  o b ta in e d  from  
th e  o th e r  sources [T a b le  2 :1 0 ] .  The c o r r e l a t i o n  c o e f f ic ie n t  between 
th e  t o t a l  c o lo n y  coun t and th e  c o l i f o r m  co un t was 0 .60  [p < 0 .0 0 1 ) .  
However, Jo o s te  and G roeneve ld  [1971 ] found  i t  to  be 0 .7 2 .
7. T i t r a t a b l e  a c i d i t y  and pH
The t i t r a t a b l e  a c i d i t y  o f  m i l k  i s  expressed as th e  p e r  ce n t  l a c t i c  
a c id  o f  the  sam ple. T h is  v a lu e  may be used as an i n d i r e c t  measure 
o f  l a c t i c - a c id - p r o d u c in g  b a c t e r ia  i n  th e  m i l k .  The pH i s  a more 
a c c u ra te  in d ic a t o r -  than  th e  t i t r a t a b l e  a c i d i t y  because th e  a c id  
a v a i l a b le  to  be n e u t ra l iz e d  w i t h  s tan d a rd  a l k a l i n e  depends on th e  
b u f f e r i n g  c a p a c i t y  o f  th e  m i l k .
Cox [1975 ] re p o r te d  t h a t  th e  t i t r a t a b l e  a c i d i t y  i n  p a s te u r iz e d  m i l k  
shou ld  be. lo w e r  than  0 ,2  p e r  c e n t .  None o f  th e  samples which' were 
te s te d  reached t h i s  l e v e l .  I t  means t h a t  th e re  was n o t  a 
s i g n i f i c a n t  c o n ta m in a t io n  a f t e r  p ro c e s s in g  by a c id - fo r m in g  b a c t e r ia .  
The a c id - fo r m in g  s t r e p to c o c c i  w h ich  s u r v iv e  p a s t e u r i z a t i o n  a re  ty p e s  
commonly r e q u i r i n g  r e l a t i v e l y  h ig h  te m p e ra tu re s  f o r  t h e i r  a c t i v e  
deve lopm ent. P a s te u r iz a t i o n  u s u a l l y  reduces th e  c o n te n t  o f  a c id -  
fo rm in g  b a c te r ia  and the  o th e r  ty p e s  o f  o rgan ism s have a g r e a te r  
o p p o r t u n i t y  f o r  g row th  i n  p a s te u r iz e d  m i l k .  From th e  r e s u l t  i n
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Table  2:11 th e  v a r i a t i o n  i n  th e  range o f  a c i d i t y  was from  0.141 to  
0 ,160  p e r  c e n t  and i n  th e  pH v a lu e  i n  Tab le  2 :12  was f ro m  6,688 to  
6 ,745 .
From th e  r e s u l t  t h e r e  i s  no i n d i c a t i o n  o f  th e  q u a l i t y  o f  p a s te u r iz e d  
m i l k  r e la t e d  t o  th e  t i t r a t a b l e  a c i d i t y  and th e  pH. Schonborn,
K in k e l .  and M u l le r  C1975} found  t h a t  th e re  was no change i n  th e  pH 
d u r in g  th e  s to ra g e  o f  p a s te u r iz e d  m i l k  excep t f o r  a s l i g h t  decrease 
up to  0 .5  u n i t  i n  a few samples s to re d  f o r  8 days a t  4 to  5°C.
8, Phosphatase t e s t
6 .06  p e r  c e n t  o f  a l l  th e  samples f a i l e d  th e  l e g a l  s ta n d a rd  f o r
p a s te u r iz e d  m i l k  [The M i lk )  S p e c ia l  D e s ig na t io ns )  [S c o t la n d )  O rder
[1 9 7 6 ) .  75 p e r  c e n t  o f  these  samples were from  source  F . F a i l u r e
in  th e  phosphatase t e s t  i n d i c a t e s  d e f e c t i v e  p a s t e u r i z in g  te c h n iq u e s  
i n c lu d in g  f a u l t y  equ ipm ent. M cLarty  and Robb [1969] found  t h a t  th e  
pe rcen ta g e  o f  th e  samples o f  p a s te u r iz e d  m i l k  w h ich  f a i l e d  t h i s  t e s t  
was 1 .2  p e r  c e n t .
9. A c id  degree v a lu e  [ADV)
The Am erican P u b l ic  H e a lth  A s s o c ia t io n  [1978) i n t e r p r e t  th e  l e v e ls  
o f  ADV as f o l l o w s :
[ i ) < 0 . 4  Normal
[ i i )  0 .7 -1 .1  B o r d e r l i n e  [ i n d e f i n i t e )
[ i i i )  1 .2  S l i g h t  r a n c i d i t y
[ i v )  1 .5  and above U n s a t i s fa c to r y  [ex trem e h y d r o l y t i c  r a n c i d i t y )
From th e  data  wh ich  i s  p re s e n te d  i n  T ab le  2 :13  th e  number o f  samples 
w i t h  an ADV o f  < 0 ,7  re p re s e n ts  2 2 .3  p e r  c e n t  o f  the  t o t a l .  D i l lm a n  
and Anderson [1970) i n  t h e i r  s tud y  i n  th e  U .S .A . on com m erc ia l 
p a s te u r iz e d  m i l k  from  r e t a i l  sources re co rded  a f i g u r e  o f  25 p e r  c e n t  
below 0 .7 .  In  th e  p re s e n t  s tud y  th e  pe rcen tage  o f  samples w i t h  an 
ADV o f  > 0 . 7  was 77.7  wh ich  i s  h ig h e r  than  was found by th e  above 
i n v e s t i g a t o r s ,  who re co rd e d  68,6  p e r  c e n t  o f  s u p p l ie s  above the  
0 .7  l e v e l .
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KruKüvsKy and H e r r ig to n  C1941) found  t h a t  th e  th r e s h o ld  a t  w h ich  
r a n c i d i t y  can be re c o g n iz e d  i s  near an AOV o f  0 .8 0 .  In  th e  p re s e n t  
s tud y  4 1 .6  p e r  c e n t  o f  the  samples had ADVs h ig h e r  th a n  t h i s  l e v e l  
[T a b le  2 :1 3 ) .
The pe rcen ta g e  o f  th e  ADV c o u ld  be a f f e c te d  by many f a c t o r s .  The 
m e ch an ica l a g i t a t i o n  o f  raw m i l k  i s  th e  m a jo r  cause o f  induced 
l i p o l y s i s .  The breakdown c o u ld  happen to  th e  f a t  g lo b u le  membrane 
re l^o^S ing th e  f r e e  f a t  and t h i s  w i l l  beuhydro lyzed  by e i t h e r  th e  
n a t iv e  l i p a s e  enzyme o r  by m ic r o b ia l  l i p a s e  enzymes produced by 
some p s y c h r o t r o p h ic  b a c te r ia ,  d u r in g  th e  s to ra g e  o f  raw m i l k  on th e  
fa rm . Some o f  these  enzymes a re  h e a t - r e s i s t a n t  and w i l l  cause 
l i p o l y s i s  i n  th e  m i l k  a f t e r  p ro c e s s in g .
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CONCLUSION
The s u p p l ie s  o f  p a s te u r iz e d  m i l k  ana lysed  i n  th e  su rvey  were n o t o f  
the  same q u a l i t y .  A l l  th e  samples were con tam ina ted  by p o s t ­
p a s t e u r i z a t i o n  c o n ta m in a t io n ,  b u t  th e  degree o f  c o n ta m in a t io n  
d i f f e r e d  from  one source  to  a n o th e r .  The p o o re s t  q u a l i t y  was 
found  i n  m i l k  f rom  a supe rm arke t w i t h o u t  r e f r i g e r a t i o n .  A s m a l l  
number o f  samples f a i l e d  th e  phosphatase t e s t ,  and o v e r  t h i r t e e n  
p e r  ce n t f a i l e d  th e  l e g a l  s tan d a rd  f o r  c o l i f o r m  o rgan ism s. Some shops 
and supe rm arke ts  .keep p a s te u r iz e d  m i l k  a t  room te m p e ra tu re  b e fo re  
s a le .  T h is  te m p e ra tu re  i s  s u i t a b le  f o r  th e  g ro w th  o f  most m ic r o ­
o rgan ism s and le a ds  to  p o o re r  q u a l i t y  m i l k  on r e t a i l  s a le  t o  th e  
consumer. M a in ta in ;  
to  improved q u a l i t y .
a n ce  o f  m i l k  a t  te m p e ra tu re s  below 5°C would le a d
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CHAPTER THREE
A COMPARISON OF THE MICROBIOLOGICAL QUALITY OF PASTEURIZED MILK 
PACKAGED IN GLASS BOTTLES AND IN SINGLE-SERVICE CONTAINERS.
INTRODUCTION
The r e t a i l  s a le  o f  packaged m i l k  began i n  th e  U.K. d a i r y  i n d u s t r y  
about a c e n tu ry  ago w i t h  th e  p ro d u c t io n  o f  s t e r i l i z e d  m i l k  in  g la s s  
b o t t l e s .  The g la s s  b o t t l e  c o n t in u e d  to  be th e  o n ly  fo rm  o f  
packag ing  u n t i l  1933 when th e  f i r s t  s in g le  s e rv ic e  packages in  th e  
fo rm  o f  c a r to n s  were in t r o d u c e d .
D u r ing  th e  f o r t i e s  t h e r e  was a r a p id  deve lopm ent in  th e  m a n u fa c tu re  
o f  v a r io u s  ty p e s  o f  p acka g in g  m a t e r ia l s  which r e s u l t e d  i n  a w ide range 
o f  c o n ta in e r s  s u i t a b le  f o r  th e  packag ing  o f  m i l k .
H a l l  C1973) summarised th e  v a r io u s  r e t a i l  packages f o r  l i q u i d  m i l k s .  
These packages a re  p re se n ted  in  Tab le  3 :1 ,
Many i n v e s t i g a t o r s  have s tu d ie d  th e  q u a l i t y  o f  m i l k  packaged in  two o r  
t h r e e  d i f f e r e n t  ty p e s  o f  c a r to n s .  Schflnborn _al .^ [1975] 
in v e s t i g a t e d  th e  q u a l i t y  o f  p a s te u r iz e d  m i l k  packaged in  [ i ]  square 
package w i th o u t  a i r  space and [ i i ]  o b long  package w i t h  ro o f-s h a p e d  
a i r  space.
D u r in g  th e  i n v e s t i g a t i o n  samples o f  p a s te u r iz e d  m i l k  were ta ke n  on 
s to ra g e  days 1, 5 and 8 and examined o r g a n o le p t i c a l l y  as w e l l  as 
b a c t e r i o l o g i c a l l y . The r e s u l t s  showed t h a t  m i l k  packaged in  
package [ i i ]  c o n ta in e d  a s i g n i f i c a n t l y  h ig h e r  c o lo n y  coun t than  in  
package [ i ] .
P a s te u r iz e d  m i l k  packaged in  g la s s  b o t t l e s  o r  s i n g le - s e r v i c e  c o n ta in e r s  
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and th e  f i l l i n g  machine o r  by th e  f i l l i n g  machines [Thomas, Thomas 
and E l l i s o n ,  1949; Ford and B abe l,  1 35 1 ],
The washed m i l k  b o t t l e s  were found  t o  be an im p o r ta n t  source  o f
c o n ta m in a t io n  o f  p a s te u r iz e d  m i l k  by p s y c h r o t ro p h ic  b a c t e r ia .  ‘ The 
coun t o f  the se  b a c te r ia  was fo u n d  t o  be about 10 t o  16 p e r  b o t t l e ,  
w i t h  maximum coun ts  o f  > 10^ p e r  b o t t l e  [R og ick  and B urgw ald , 1952; 
Thomas, G r i f f i t h s  and F o u lk e s ,  1 9 6 0 ],
f
The aim o f  th e  work d e s c r ib e d  in  t h i s  c h a p te r  was t o  i n v e s t i g a t e  th e  
m ic r o b io lo g i c a l  q u a l i t y  o f  p a s te u r iz e d  m i l k  packaged in  two d i f f e r e n t
packag ing  systems and com paring  th e  r e s u l t s  w i t h  th e  q u a l i t y  o f  th e
same m i l k  from  th e  p a s te u r iz e d  ta n k .  The e f f e c t  on th e  m i lk s  o f *
exposure  to  3 h o f  l i g h t a n d  te m p e ra tu re  c o n d i t io n s  s im u la t in g
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The s tudy  re co rd e d  i n  t h i s  c h a p te r  was made on two com m erc ia l 
d a i r i e s  coded A and B.
D a iry  A
1. C o l le c t io n  o f  the  samples
Samples o f  p a s te u r iz e d  m i l k  were c o l l e c t e d  and t r a n s p o r te d  to  th e  
la b o r a to r y  in  a p o ly s ty r e n e  box packed w i th  i c e  b lo c k s .  The 
samples were ta ke n  a t  th e  same t im e  from  th r e e  sources
Ci) * th e  p a s te u r iz e d  m i l k  ta n k  u s in g  a s t e r i l e  c o n ta in e r ;
C i i )  th e  b o t t l e  f i l l e r  -  f i l l e d  and capped b o t t l e s  from  the  
p ro d u c t io n  l i n e  were taken  a t  random.
[ i i i )  th e  f i l l i n g  machine f o r  th e  s in g le - s e r v i c e  c o n ta in e r s  -  
f i l l e d  and sea led  SSC fro m  th e  p ro d u c t io n  l i n e  were 
take n  a t  random.
A rrangem ents  were made w i t h  th e  management to  ensure  t h a t  a l l  
p a s te u r iz e d  m i l k  came from  th e  same source  i . e .  th e  same raw 
s to ra g e  ta n k  and th e  same p a s te u r iz e d  m i l k  s to ra g e  ta n k .  T h is  
p ro ced u re  was fo l lo w e d  on s ix  o c c a s io n s ,
2, T rea tm en t o f  th e  samples
The samples were grouped as f o l l o w s : -
Group A and B c o n ta in e d  two samples from  each o f  th e  above 
sources marked [ i ) ,  [ i i ]  and C i i i ] .
Group C and D c o n ta in e d  s ix  samples from  source [ i i ] .
Group E and F c o n ta in e d  s i x  samples from  source  [ i i i ] .
Group G c o n ta in e d  s ix  samples from  source [ i ] .
Samples in  group A were used f o r  th e  i n i t i a l  t e s t  on th e  day o f  
th e  p ro c e s s in g .  Samples in  group B were used f o r  the  t e s t  f o r  
p o s t - p a s t e u r i z a t io n  c o n ta m in a t io n .  Samples i n  group C and E were exposed
^Samples from  t h i s  source were te s te d  in  t r i a l s  2, 3, 4 , 5 and 
B o n ly .  The r e s u l t s  o f  th e  f i r s t  t r i a l  were e s t im a te d  by the  
com puter.
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t o  s im u la te d  d a y l i g h t  f o r  3 h, e q u iv a le n t  t o  th e  d o o rs te p  d e l i v e r y  
system. The i n t e n s i t y  o f  th e  l i g h t  was 1000 t o  2000 lumen. L ig h t in g  
c o n s is te d  o f  40 w a t t  c o o l  w h i te  f lu o r e s c e n t  tubes  and samples were 
p laced  a t  th e  p ro p e r  d is ta n c e  from  th e  l i g h t  source t o  o b ta in  th e  
d e s i re d  i n t e n s i t y ,  w h ich  was measured by means o f  a ty p e  C, E22 - 
l i g h t  m e te r  produced by M egatron L td .
The te m p e ra tu re s  d u r in g  th e  p e r io d  o f  exposure  to  l i g h t  were based on 
am bient te m p e ra tu re s  f o r  th e  C o l le g e  area as reco rd ed  by Channon and 
K irkwood [1 9 7 9 ] ,  A f t e r  th e  exposure  t re a tm e n t  th e  samples i n  th e  
two g roups were s to re d  a t  5°C i n  th e  d a rk .  Samples i n  groups D,
F and G were s to re d  d i r e c t l y  a t  5°C i n  th e  d a rk  w i th o u t  exposure 
t r e a tm e n t .
3. P re p a ra t io n  o f  th e  samples f o r  t e s t i n g
Samples from  groups A, C, D, E and F on each day o f  t e s t i n g  were 
d iv id e d  i n t o  t h r e e  p o r t i o n s  a f t e r  th e y  had been take n  from  th e  c o ld  
s to r e  and shaken th o ro u g h ly .
a . 10 ml from  each c o n ta in e r  was poured a s e p t i c a l l y  i n t o  a 
s t e r i l e  j a r  f o r  th e  b a c t e r i o l o g i c a l  a n a ly s is .
b. About 200 ml were used f o r  the  chem ica l a n a ly s is .
c .  The re m a in de r  o f  th e  m i l k  in  each c o n ta in e r  was used f o r  
th e  assessment o f  th e  o r g a n o le p t ic  q u a l i t y ,
4. M ic r o b io lo g i c a l  a n a ly s is
Samples in  group A were te s te d  on th e  day o f  p ro c e s s in g  i . e .  th e  
i n i t i a l  t e s t .  Two samples f ro m  g roups  C, D, E, F and G were te s te d  
d u r in g  th e  p e r io d  o f  2, 4 and 6 days, f o r  t o t a l  c o lo n y  c o u n t ,  
p s y c h r o t r o p h ic  c o u n t ,  l i p o l y t i c  c o u n t ,  p r o t e o l y t i c  c o u n t ,  ce reus  
coun t and c o l i f o r m  co u n t us ing  th e  methods d e s c r ib e d  i n  C hapte r One 
[S e c t io n  1 :1 ,  2, 3, 4, 5 and 6 ] .
Samples i n  group 0 were te s te d  f o r  th e  d e te c t io n  o f  p o s t - p a s t e u r i z a t io n  
c o n ta m in a t io n  u s ing  th e  r a p id  method d e s c r ib e d  in  C hapte r One 
[ s e c t io n  1 : 7 ] ,
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5. I d e n t i f i c a t i o n  methods
Random c o lo n ie s ,  w h ich  appeared i n  th e  t e s t  f o r  p o s t - p a s t e u r i z a t i o n  
c o n ta m in a t io n  as r e f e r r e d  to  above, were i d e n t i f i e d  u s in g  th e  'G x i/  
Perm' and 'E n te ro tu b e '  systems wh ich  were s u p p l ie d  by F. Haffmann -  
La Roche and Co, AG,, B a s le ,  S w i t z e r la n d .
6, Q u a l i t y  o f  th e  packag ing  m a t e r ia l
a . G lass b o t t l e s : -
The s t e r i l i t y  o f  th e  g la s s  b o t t l e s  was te s te d  a c c o rd in g  to  
B.S. 4285, p a r t  2, 1968 [ B r i t i s h  S tandards I n s t i t u t i o n ,  
1968 ].  Three samples i n  each t r i a l  were used f o r  t h i s  
t e s t ,
b. C a r to n in g  m a t e r i a l ; -
As d e s c r ib e d  i n  B.S. 4285, p a r t  2, 1968 [ B r i t i s h  S tandards  
I n s t i t u t i o n ,  1968 ],  a swabbing te c h n iq u e  was used f o r  
t e s t i n g  th e  c a r to n  m a t e r ia l  j u s t  b e fo re  i t  e n te re d  the  
f i l l i n g  m ach ine. Three a reas wh ich  formed th r e e  s i n g le -  
s e r v ic e  c a r to n s  were swabbed i n  each t r i a l .
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D a iry  B
1. C o l le c t io n  o f  th e  samples
Samples o f  p a s te u r iz e d  m i l k  were c o l le c t e d  from  th e  d a i r y  as 
d e s c r ib e d  i n  D a i r y  A. T h is  p ro ced u re  was fo l lo w e d  on 3 
o c c a s io n s .
2. T rea tm en t o f  th e  samples
Two samples from  each source  were used f o r  th e  i n i t i a l  t e s t  Con' th e
same day as th e  m i l k  was p ro c e s s e d ] .  The rem a in in g  sam ples, which 
were kep t a t  5°C f o r  6 days were te s te d  a f t e r  2, 4 and 6 days o f  
s to r a g e .  Two samples f rom  each source  were used.
3 .  M i c r o b io lo g i c a l  a n a ly s is
The samples were t e s te d  f o r  t o t a l  c o lo n y  c o u n t ,  p s y c h r o t r o p h ic  
c o u n t ,  l i p o l y t i c  c o u n t ,  p r o t e o l y t i c  c o u n t ,  El. ce reus  coun t and 
c o l i f o r m  count u s in g  th e  methods d e s c r ib e d  in  c h a p te r  one [ s e c t io n  
1 :1 ,  2, 3 , 4, 5 and 6 ] .
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RESULTS 
□ a i r y  A
1. T o ta l  c o lo n y  co un t
The r e s u l t s  o f  th e  t o t a l  Co lony Count a re  p re sen ted  in  T ab les  3 :2 ,  3 :3 ,  
3 :4  and 3 :5 ,  Tab le  3 :2  shows th e  r e s u l t s  o f  samples te s te d ,  on th e  day 
o f  p ro c e s s in g .  In  th e se  r e s u l t s ,  th e  t o t a l  c o lo n y  coun t found  in  
p a s te u r iz e d  m i l k  packaged i n  g la s s  b o t t l e s  was s i g n i f i c a n t l y  h ig h e r  
Cp < 0 .0 0 1 ]  than  t h a t  o b ta in e d  from  p a s te u r iz e d  m i l k  packaged in  the  
SSC system. However, p a s te u r iz e d  m i l k  i n  bo th  packag ing  systems 
gave s i g n i f i c a n t l y  h ig h e r  Cp < 0 .0 0 1 ]  t o t a l  c o lo n y  co un ts  than  ^
p a s te u r iz e d  m i l k  w h ich  was o b ta in e d  f rom  th e  p a s te u r iz e d  m i l k  ta n k .  
These d i f f e r e n c e s  were the  same a f t e r  2, 4 and 6 days o f  c o ld  s to ra g e  
a t  5°C, The r e s u l t s  show t h a t  exposures to  l i g h t  and te m p e ra tu re  
c o n d i t io n s  s im u la t in g  th e  d o o rs te p  d e l i v e r y  system had no s i g n i f i c a n t  
e f f e c t  on th e  t o t a l  c o lo n y  c o u n t .  There was a s i g n i f i c a n t  d i f f e r e n c e  
between th e  t r i a l s  th ro u g h  th e  e x p e r im e n t .  From th e  mean o f  th e  
r e s u l t s  p re se n te d  in  Tab le  3 :4 ,  th e  t o t a l  co lony  coun t i n  th e  samples 
o f  g la s s  b o t t l e s  was n e a r ly  2 ,153  x 10® pe r ml a f t e r  4 days o f  s to ra g e  
a t  5°C, In  t r i a l s  3 and 5 th e  coun t was >10® p e r  m l .  When t h i s  was 
compared w i t h  th e  t o t a l  c o lo n y  coun t o b ta in e d  from  th e  SSC th e  h ig h e s t  
t o t a l  co lo n y  coun t i n  a l l  th e  t r i a l s  was 6 ,35 x 1 o'* p e r  m l.  The mean 
t o t a l  c o lo n y  co un t found i n  th e  samples from  th e  p a s te u r iz e d  m i l k  ta n k  
was 1826 p e r  ml a f t e r  4 days o f  c o ld  s to ra g e  a t  5°C, A f t e r  6 days o f  
c o ld  s to ra g e  th e  mean t o t a l  c o lo n y  co un t o b ta in e d  from  p a s te u r iz e d  
m i l k  packaged in  g la s s  b o t t l e s  was 1 .830 x 10® p e r  ml compared w i t h  
th e  mean o f  p a s te u r iz e d  m i l k  packaged in  SSC w h ich  was 2.821 x 10® per 
m l.
The mean o f  th e  t o t a l  co lo n y  coun t o f  p a s te u r iz e d  m i l k  o b ta in e d  from  
th e  p a s te u r iz e d  ta n k  was 4628 p e r  m l .  The v a r i a t i o n  i n  th e  t o t a l  
co lo n y  coun t o b ta in e d  from  d i f f e r e n t  t re a tm e n ts  w i t h  th e  s to ra g e  t im e  
a re  i l l u s t r a t e d  in  g raph  3 :1 .
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TABLE 3 : 2
The t o t a l  co lo n y  c o u n t /m l  C3G°C f o r  3 d ) ,e x p re s s e d  as lo g  , 
o f  p a s te u r iz e d  m i l k  take n  from  th e  p a s te u r iz e d  m i l k  ta n k ,  
and from  g la s s  b o t t l e s  and s in g le - s e r v i c e  c o n ta in e r s  on th e
day o f  p ro c e s s in g
No.,
o f
t r i a l
Sample
Glass
b a t t l e SSC Tank Mean
1 9-04 8.91 7 .9 4 8 .63
2 9.06 8 .8 3  ’ 8 .05 8 .64
3 9 .63 8 .94 8 .35 9 .04
4 8.39 8 .80 7 .36 8-19
5 8.67 8 .06 6 .36 7 .86
6
a
8.31 8 .35 7-85 8.17
Mean 8,88 8 .65 7.74 8 .42
T r i a l s
Sample









VB.* * * 
149.99 
* * *  
608.54 
* * * 
28.34
R e s id u a l 17 0-007238
T o ta l 33 0.491146
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TABLE 3 : 3
The t o t a l  c o lo n y  c o u n t /m l  C30°C f o r  3 d ] ,e x p re s s e d  as lo g ^ ,  
o f  p a s te u r iz e d  m i l k  packaged in  g la s s  b o t t l e s  and s i n g l e ­
s e rv ic e  c o n ta in e r s  a f t e r  2 days o f  s to ra g e  a t  5 C in  
darkness and i n  l i g h t  and te m p e ra tu re  c o n d i t io n s  s im u la t in g  
th e  doo r s tep  d e l i v e r y  system . The t o t a l  c o lo n y  coun t o f  
p a s te u r iz e d  m i l k  from  p a s te u r iz e d  m i l k  ta n k s  i s  shown.
No. Sample and t re a tm e n t
UT
t r i a l
4"
G lass-E G lass-N SSC-E* SSC-N* Tank Mean
1 9 .18 9.15 8 .99 9 .03 7 .80 8 .85
2 8.96 8 .80 8 .88 8 .90 8 .09 8 .73
3 11.19 11.18 8 .44 8.48 8 .42 9 .54
4 8.27 8 .24 8 .67 8 .73 6 .23 8 .03
5 8 .68 8 .38 8 .22 8 .13 6. 63 8.01
6 8 .13 8 ,52 7 .90 8 .15 7 .77 8 .09
Mean 9.07 9 .06 8 .52 8 .57 7 .49 8 .54
OF MS VR
T r i a l  5 
T rea tm en t 4 




* * * 
152.08 
* * * 
201.65 
* * * 
34.62
R e s id u a l 29 0.02465
T o ta l 57 0.97488




0 .0702  0. 0641
2
0.1570
* s i g n i f i c a n t  a t
* * II II
5 p e r  ce n t
II 11
le v e l
* * * 0,1 "
+ E - exposed to  l i g h t  and te m p e ra tu re  c o n d i t io n s  s im u la t in g  
d e l i v e r y  system f o r  3 h.
d o o rs te p
N - no t exposed to  l i g h t  and te m p e ra tu re c o n d i t io n s s im u la t in g
d o o rs te p  d e l i v e r y  system.
TABLE 3 : 4
The t o t a l " c o lo n y  c o u n t /m l  C30°C f o r  3 d ) .e x p re s s e d  as lo g  , 
o f  p a s te u r iz e d  m i l k  packaged in  g la s s  b o t t l e s  and s i n g l e ­
s e rv ic e  c o n ta in e r s  a f t e r  4 days o f  s to ra g e  a t  5 C i n  darkness 
and i n  l i g h t  and te m p e ra tu re  c o n d i t io n s  s im u la t in g  th e  d oo r 
s tep  d e l i v e r y  system . The t o t a l  c o lo n y  coun t o f  p a s te u r iz e d  
m i l k  f ro m  th e  p a s te u r iz e d  m i l k  ta n k s  i s  shown.
No. Sample and t re a tm e n t
o f
t r i a l G lass-E G lass-N SSC-E SSC-N Tank Mean
1 10.29 10.14 9 .24 9.31 5 .92 8 .98
2 11.33 10.78 11.06 10.74 8 .12 10.41
3 15.11 14.61 10.89 10.94  8 .65 12.04
4 12.00 12.79 10.41 10.28 7 .20 10.70
5 14.14 13.77 10.04 9 .72  7 .13 10.96
6 10.58 11.02 11.05 10.87 8 .02 10.31
Mean 12.37 12.19 10.45 10.31 7.51 10.57
DP MS VR
T r i a l 5 9.8939
* * * 
61.69
Trea tm en t 4 45.9344
* * * 
286.44
T r i a l  t re a tm e n t  19 2.1518
* * * 
13.41
R e s id u a l 29 0.1604
T o ta l 57 4 .8902
Tab le T r i a l Trea tm en t T r i a l  t re a tm e n t
REP 10 12 2
SED 0.1791 0.1635 0.4005
* s i g n i f i c a n t  a t 5 p e r  c e n t l e v e l
*  *
*  *  *
II /] II
"  0. 1  "
TABLE 3 : 5
The t o t a l  c o lo n y  c o u n t /m l  [30^C f o r  3 d ] , expressed as lo g  , 
o f  p a s te u r iz e d  m i l k  packaged i n  g la s s  b o t t l e s  and s in g le  
s e r v ic e  c o n ta in e r s  a f t e r  S days o f  s to ra g e  a t  5 C i n  darkness and 
i n  l i g h t  and te m p e ra tu re  c o n d i t io n s  s im u la t in g  th e  d o o rs te p  
d e l i v e r y  system . The t o t a l  c o lo n y  coun t o f  p a s te u r iz e d  m i l k  
f rom  p a s te u r iz e d  m i l k  ta n k s  i s  shown.
No.
o f
t r i a l
Sample and t re a tm e n t
G lass-E G lass-N SSC-E SSC-N Tank Mean
1 13.92 14.04 10.53 10.48 7 .20 11.24
2 14,09 13.52 15.21 15.27 8 .96 13.41
3 15.83 14.96 11.83 11.69 8 .83 12.68
4 14.35 14.14 14.08 14.01 8.28 12. 97
5 14.51 15.12 11.44 11.25 8 .09 12.08
6 13.59 14,98 12.01 12.52 9 .30 12.48




T r i a l 5 5 .7027
* * * 
20.84
Trea tm en t 4 71 ,5506
* * *  
261.55
T r i a l  t re a tm e n t 19 2.6431
* * * 
9 .66
R e s id u a l 29 0.2736
T o ta l 57 6.5415
Table  T r i a l  T rea tm en t T r i a l  t re a tm e n t
REP 10 12 2
SED 0.2339 0.2135 0.5230
s i g n i f i c a n t  a t  5 p e r  c e n t  l e v e l
II II / |  II II  II
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2, P s y c h ro t ro p h ic  count
The mean p s y c h r o t r o p h ic  coun ts  [T a b le s  3 :6 ,  3 :7 ,  3 :8  and 3:93 o f  
p a s te u r iz e d  m i l k  packaged i n  g la s s  b o t t l e s  were h ig h e r  th a n  th e  coun ts  
o f  th e  same m i l k  from  th e  p a s te u r iz e d  m i l k  ta n k  and s in g le  s e rv ic e  
c o n ta in e r s  [SSC3. However, p a s te u r iz e d  m i l k  packaged in  SSC gave 
h ig h e r  p s y c h r o t r o p h ic  co un ts  [ s i g n i f i c a n t  a t  5 p e r  ce n t  l e v e l 3 than  
t h a t  from  th e  p a s te u r iz e d  m i l k  ta n k  on th e  day of p ro c e s s in g .  The 
mean o f  th e  s ix  t r i a l s  showed t h a t  th e  p s y c h r o t ro p h ic  coun t o f  m i l k  
in  g la s s  b o t t l e s  was s i g n i f i c a n t l y  h ig h e r  [p < 0.0013 than  t h a t  
o b ta in e d  from  SSC a f t e r  2, 4 and 6 days o f  s to ra g e  a t  5°C, However, 
th e  mean o f  th e  p s y c h r o t r o p h ic  coun t f rom  th e  p a s te u r iz e d  m i l k  ta n k  ' 
was 757 p e r  ml a f t e r  6 days o f  c o ld  s to ra g e  a t  5°C,
Exposure o f  p a s te u r iz e d  m i l k  i n  g la s s  b o t t l e s  and i n  SSC to  l i g h t  and 
te m p e ra tu re  c o n d i t io n s  s im u la t in g  d o o rs te p  d e l i v e r y  had no s i g n i f i o a n t  
e f f e c t  on th e  coun t o f  p s y c h r o t r o p h ic  o rgan ism s in  each ty p e  o f  c o n ta in e r .  
The v a r i a t i o n s  i n  th e  p s y c h r o t r o p h ic  coun t w i t h  s to ra g e  t im e  i s  
i l l u s t r a t e d  in  g raph  3 :2 .  There was a h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  
[p < 0.0013 between the  p s y c h r o t r o p h ic  coun ts  o f  th e  m i l k s  taken  in  
each o f  th e  t r i a l s .  F b y c h ro t ro p h ic  co un ts  showed c o r r e l a t i o n  
c o e f f i c i e n t s  w i t h  t o t a l  c o lo n y  c o u n ts ,  0 .4734 , 0 .5859 , 0 .8244 and 
0.9252 on 0, 2, 4 and 6 days o f  s to ra g e  a t  5°C r e s p e c t i v e l y .  A f t e r  
s i x  days o f  s to ra g e  a t  5°C th e  mean o f  th e  p s y c h r o t ro p h ic  coun t o f  
p a s te u r iz e d  m i l k  packaged in  g la s s  b o t t l e s  was 1.506 x 10® p e r  m l,  
w h i le  in  th e  SSC samples i t  was 2.298 x 10® pe r m l.
3. L i p o l y t i c  coun t
The r e s u l t s  o f  the  l i p o l y t i c  c o u n ts  a re  p re sen ted  i n  T ab les  3 :1 0 , 3 :11 ,  
3 :12  and 3 :1 3 .  The r e s u l t s  o b ta in e d  from  t e s t s  made on th e  day o f  
p ro c e s s in g  [T a b le  3:103 show a h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  between 
the  l i p o l y t i c  co un t o f  th e  samples f rom  the  p a s te u r iz e d  m i l k  ta n k ,  the  
g la s s  b o t t l e s  and s in g le - s e r v i c e  c o n ta in e r s .  However, th e  mean 
l i p o l y t i c  count'-- o f  the  samples o f  p a s te u r iz e d  m i l k  packaged in  g la s s  
b o t t l e s  was h ig h ly  s i g n i f i c a n t  [p < 0.0013 than  t h a t  o f  samples o f  
p a s te u r iz e d  m i l k  packaged in  SSC. But the  l a t t e r  showed a h ig h e r
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TABLE 3 : 6
The p s y c h r o t ro p h ic  c o u n t /m l  (7°C f o r  10 d3 , expressed as lo g  , 
o f  samples o f  p a s te u r iz e d  m i lK  taken  from  th e  p a s te u r iz e d  
m i l k  ta n k ,  and from  g la s s  b o t t l e s  and s in g le  s e r v ic e  c o n ta in e r s  
on th e  day o f  p ro c e s s in g .
No. Sample
o f
t r i a l Glassb o t t l e SSC Tank Mean
1 5.32 1 .95 1 .13 2.80
2 5 .94 8 .26 2.30 4 .83
3 6.96 1 .93 0.00 3 .63
4 4.91 0 .69 3.06 2.89
5 8 .85 1.49 2 .39 3.58
6 6.21 2 .13 2 .39 3.58
Mean 6.35 2.41 1 .88 3,55
OF MS m
T r i a l  5 
Sample 2 




* * * 
12.598 
* * * 
285,915 
* * * 
24.454
R e s id u a l  17 0.2521
T o ta l  33 6.6620
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TABLE 3 : 7
The p s y c h r o t ro p h ic  c o u n t /m l (7^C f o r  10 d ] ,  expressed as lo g  , 
o f  p a s te u r iz e d  m i l k  packaged i n  g la s s  b o t t l e s  and s in g le  s e r v ic e  
c o n ta in e r s  a f t e r  2 days o f  s to ra g e  a t  5°C i n  darkness and in  
l i g h t  and te m p e ra tu re  c o n d i t io n s  s im u la t in g  th e  d o o rs te p  
d e l i v e r y  system. The p s y c h r o t r o p h ic  coun t o f  p a s te u r iz e d  m i l k  
from  p a s te u r iz e d  m i l k  tan ks  i s  shown.
No.
o f
t r i a l
Sample and t re a tm e n t
G lass-E G lass-N SSC-E SSC-N Tank Mean
1 , 7.49 7.56 2 .90 2.77 2. 52 4 .56
2 5799 4.61 6.67 6.09 2 .30 5 .13
3 10.85 10.93 5 .53 4 .47 0 .00 6.35
4 6.57 6 .73 4.09 3.96 5 .86 5.44
5 8.52 6.88 2.19 2 .35 2 .39 4 .47
6 5.84  " 5 .72 3.15 3.01 4 .7 0 4 .48
Mean 7 .54 7 ,07 4 .09 3.77 2 .96 5 .09
OF MS VR
T r i a l  
T rea tm en t 
T r i a l  t re a tm e n t
5 5 .3476 10,37 
4 51.5902 100.06 
19 7.7136 14,96
R e s id u a l
T o ta l
29 0.5156 
57 6.9229
Table T r i a l T rea tm en t T r i a l  t re a tm e n t
REP 10 12 2
SED 0.3211 0.2931 0.7180
* s i g n i f i c a n t a t  5 p e r c e n t  l e v e l
* * I t  /j n
* * * " 0 .1 ”
TABLE 3 :8
The p s y c h r o t ro p h ic  c o u n t /m l  C7°C f o r  10 d ] ,  expressed as lo g  , 
o f  p a s te u r iz e d  m i l k  packaged i n  g la s s  b o t t l e s  and s in g le  s e r v ic e  
c o n ta in e r s  a f t e r  4 days o f  s to ra g e  at_ 5 C i n  darkness- and i r r  
l i g h t  and te m p e ra tu re  c o n d i t io n s  s im u la t in g  th e  d o o rs te p  d e l i v e r y  
system . The p s y c h r o t ro p h ic  count, o f  p a s te u r iz e d  m i l k  from  
p a s te u r iz e d  m i l k  ta n k s  i s  shown.
No.
o f
t r i e
Sample and t re a tm e n t
i l  G lass-E G lass-N SSC-E SSC-N Tank Mean
1 9.99 10.19 7 .14 6 ,64  3.38 7 .47
2 11.04 10.58 10.98 10.45 6 .68 9 .94
3 14.34 14.10 7 .66 7 .46 0 .00 8.71
4 12.71 10.35 10.26 10.17 6 .85 10.07
5 14.06 13.65 8 .56 7 .54  6.01 9.97
6 8.32 8 .73 8 .86 8 .38 6 .98 8 .25
Mean 11.74 11 .27 6.91 8 .44  4 .98 9.07
DF MS VR
T r i a l  5 
T rea tm en t 4 




* * * 
61 .39 
* * * 
453 .12  
* **  
45 .36
R e s id u a l 29 0.1929
T o ta l 57 10.1873








* *  
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TABLE 3 : 9
The p s y c h r o t r o p h i c ’c o u n t /m l  C7°C f o r  10 d ] ,  expressed as lo g  , 
o f  p a s te u r iz e d  m i l k  packaged i n  g la s s  b o t t l e s  and s in g le  s e r v ic e  
c o n ta in e r s  a f t e r  6 days o f  s to ra g e  a t  5 0 i n  darkness  and in  
l i g h t  and te m p e ra tu re  c o n d i t io n s  s im u la t in g  th e  d o o rs te p  d e l i v e r y  
system . The p s y c h r o t r o p h ic  coun t o f  p a s te u r iz e d  m i l k  from  
p a s te u r iz e d  m i l k  ta n k s  i s  shown.
No.
o f
t r i a l
Sample and t re a tm e n t
G lass-E G lass-N SSC-E SSC-N Tank Mean
1. 13.75 13.76 10.07 10.10 5.27
2 14.00 13.48 15.02 15.10 7 .76
3 15.46 14.40 11.54 11.86 2 .33
4 14.04 13.87 13.99 13.74 7 .44
5 14,46 15.11 11.14 11.10 8 .05
6 13.46 14.96 11.98 12.48 8 .95
Mean 14.19 14.26 12.29 12.40 6 .63
OF MS
T r i a l  5 
T rea tm en t 4 




* * *  
13.17 
* * * 
174.47 
* * * 
7 .20
R e s id u a l 29 0.6701
T o ta l 57 10.9298
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TABLE 3 :1 0
The l i p o l y t i c  c o u n t /m l  (3G°C f o r  3 d ] ,  expressed as lo g  , o f  
samples o f  p a s te u r iz e d  m i lK  ta k e n  from  th e  p a s te u r iz e d  m i l k  
ta n k ,  and from  g la s s  b o t t l e s  and s in g le  s e r v ic e  c o n ta in e r s  on 
th e  same day o f  p ro c e s s in g .
No. Sample
UT
t r i a l G lass
b o t t l e SSC Tank Mean
1 5 .03 4 .45 1 .50 3 .93
2 5.69 6 .05 0.00 3.91
3 8 .55 4 .96 0 .00 4 .50
4 4 .09 4 .09 4 .09 4 .09
5 4 .58 4 .0 9 0 .00 2 .89
6 4.45 4.61 3 .33 4 .1 3
Mean 5 .5 3 4.71 1 .48 3 ,93
OF MS \m
T r i a l 5 1.7632
* * * 
12.42
Sample 2 54.8992
* * * 
386.99
T r i a l  sample 9 6.3345
* * * 
44 .65
R e s id u a l 17 0.1419
T o ta l 33 5.3951
Table T r i a l Sample T r i a l  sample
REP 6 12 2
SED 0.2175 0.1538 0.3766
* *
*  *  *
s i g n i f i c a n t  a t  5 p e r  c e n t  l e v e l
I f  I f  >1 I f  II  I f
If "  0 i  If
TABLE 3:11
The l i p o l y t i c  c o u n t /m l  C30°C f o r  3 d ] , expressed as lo g  , o f  
p a s te u r iz e d  m i l k  packaged i n  g la s s  b o t t l e s  and s in g le  s e rv ic e  
c o n ta in e r s  a f t e r  2 days o f  s to ra g e  a t  5 C in  darkness  and i n  
l i g h t  and te m p e ra tu re  c o n d i t i o n s  s im u la t in g  th e  d o o rs te p  
d e l i v e r y  s y s te m . • The l i p o l y t i c  coun t o f  p a s te u r iz e d  m i l k  from  
the- p a s te u r iz e d  m i l k  t a n k  i s  shown.
No.
o f
t r i a l
Sample and t re a tm e n t
G lass-E G lass-N SSC-E SSC-N Tank Mean
1 S. 22 , 5 .97 5 .46  4 .99 2 .62 5 .05
2 7 .16 7.11 7 .33  7.25 4 .42 6 ,66
3 10.41 10.73 5 .27  5 ,43 0.00 6.37
4 4 .29 4 .25 4 .5 3  4.55. 4 .0 0 4 .3 4
5 7.89 6.00 4 .09  4 .35 3.57 5.18
6. 4 .4 2 4 .84 4 .39  4 .29 2.39 4 .07
Mean 6 .73 6 .48 5 .18  5 .15 2 .85 5 .28
OF MS VR
T r i a l  5 
T rea tm en t 4 




* * * 
125.01 
* * * 
324.78 
**  * 
62.29
R e s id u a l 29 0.08774
T o ta l 57 4.82838










s i g n i f i c a n t  a t 5 p e r  c e n t
/j » » 
0 .1 "
l e v e l
TABLE 3 :1 2
The l i p o l y t i c  c o u n t /m l  C3Q°C f o r  3 d ] , expressed as lo g  , o f  
p a s te u r iz e d  m i lK  packaged i n  g la s s  b o t t l e s  and s in g le  s e rv ic e  
c o n ta in e r s  a f t e r  4 days o f  s to ra g e  a t  5 C i n  darkness  and i n  l i g h t  
and te m p e ra tu re  c o n d i t io n s  s im u la t in g  th e  d o o rs te p  d e l i v e r y  
system . The l i p o l y t i c  co u n t  o f  p a s te u r iz e d  m i l k  f rom  the  
p a s te u r iz e d  m i l k  ta n k s  i s  shown.
No. Sample and t re a tm e n t
o f
t r i a l G lass-E G lass-N SSC-E SSC-N Tank Mean
1 7.98 8 .32 7,45 7 .22  • 3 .84 6 .96
2 9.80 9 ,74 10.09 9.41 6,38 9 .08
3 13.39 13,52 7.60 6.85 4 .37 9 .15
4 12.12 12,15 9 .88 9.98 6.71 10.17
5 12.86 12.86 7 .34 6.88 6.51 9.25
6 . 7 .06 6.99 7.49 7.29 4 .79 6 .72
Mean 10.53 10.56 8.31 7.94 5 .43 8.55
DF MS_ VR
T r i a l 5 19 .21619
* * * 
212 .17
Trea tm ent 4 54 ,48410
* * *
601 .58
T r i a l  t re a tm e n t 19 4 .96624
* **  
54.83
R e s id u a l 29 0 .09057
Table T r i a l T rea tm en t T r i a l t re a tm e n t
REP 10 12 2
SED 0,1346 0 .1229 0.3009
* *
s i g n i f i c a n t  a t  5 p e r  ce n t  l e v e l
If It If II It
It ” 0 1  ” ” ”
TABLE 3 :1 3
The l i p o l y t i c  c o u n t /m l  C30°C f o r  3 d ) ,  expressed as lo g  , o f  
p a s te u r iz e d  m i l k  packaged i n  g la s s  b o t t l e s  and s in g le  s e r v ic e  
c o n ta in e r s  a f t e r  6 days o f  s to ra g e  a t  5 C in  darkness  and i n  l i g h t  
and te m p e ra tu re  c o n d i t io n s  s im u la t in g  the  d o o rs te p  d e l i v e r y  
system . The l i p o l y t i c  co un t o f  p a s te u r iz e d  m i l k  from  the  
p a s te u r iz e d  m i l k  tan ks  i s  shown.
No.
o f
t r i a l
Sample and t re a tm e n t
G lass-E G lass-N SSC-E SSC-N Tank Mean
1 11 .97 12,31 9 .37 9.38 4 .6 2 9 .53
2 13.53 12,45 14.18 14.20 7.20 12.31
3 13.37 14.12 11.76 11.70 4 .59 11,11
4 13.44 13,31 13.27 13.13 7.21 12.07
5 14.20 13.93 11.08 10.73 6.85 11.36
6 13.04 12.86 11.73 12.06 7.97 11 ,53
Mean 13.26 13.16 11.90 11.87 6.41 11 .32
DF MS VR
* * *
T r i a l 5 9.7048 22.15
* * +
Trea tm en t 4 95.7558 218.64
* * *
T r i a l  t re a tm e n t 19 2.1613 4 .93
R e s id ua l 29 0.4380
T o ta l 57 8.5143
Table  T r i a l  T rea tm en t T r i a l  t re a tm e n t
REP 10 12 2
SED 0.2960 0.2702 0.6618
s i g n i f i c a n t  a t  5 p e r  c e n t  le v e l
I I  I f  / |  I# «  I f
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l i p o l y t i c  coun t Cp < 0 .0 0 1 )  than  was o b ta in e d  fro m  th e  samples f ro m  
the  p a s te u r iz e d  m i l k  ta n k .  The same d i f f e r e n c e s  were fou n d  in  th e  
r e s p e c t iv e  samples a f t e r  2, 4 and 6 days o f  s to ra g e  a t  5°C. I t  i s  
c le a r  f ro m  the  r e s u l t s  t h a t  th e re  was no s i g n i f i c a n t  e f f e c t  o f  
exposure  f o r  3 h to  l i g h t  and te m p e ra tu re  c o n d i t io n s  s im u la t in g  th e  
d oo rs te p  d e l i v e r y  system on th e  l i p o l y t i c  c o u n t .  The v a r i a t i o n s  on 
th e  l i p o l y t i c  c o u n t  due to  th e  s to ra g e  t im e  a t  d i f f e r e n t  t re a tm e n ts  
a re  i l l u s t r a t e d  i n  graph  3 :3 .  The l i p o l y t i c  co u n t  showed a 
c o r r e l a t i o n  c o e f f i c i e n t  o f  Cr = 0 .5724 , p < 0 .0 0 1 ) w i t h  th e  a c id  
degree v a lu e .  A f t e r  8 days o f  s to ra g e  a t  5°C th e  mean o f  the  l i p o l y t i c  
c o u n t  o f  p a s te u r iz e d  m i l k  i n  g la s s  b o t t l e s  was 5 .458  x 10® p e r  m l.
e I
However i n  SSC samples i t  was 1 .45 x 10 p e r  m l.  I t  i s  i n t e r e s t i n g  
to  note  t h a t  the  mean l i p o l y t i c  co un t o b ta in e d  from  th e  m i l k  from  
the  p a s te u r iz e d  m i l k  ta n k  u s in g  th e  same c o n d i t io n s ,  was 608 p e r  m l.
4 . B a c i l l u s  cereus co un t
The r e s u l t s  o f  th e  B_. bekeüb co u n ts  a re  p re sen ted  i n  T ab les  3 :1 4 ,
3 :1 5 , 3 :16  and 3 :1 7 .  The r e s u l t s  show t h a t  d i f f e r e n c e s  o c c u r re d  i n  
the  co un t o f  _B. ce reus  i n  th e  d i f f e r e n t  samples taken  on th e  day o f  
p ro c e s s in g .  The _B, ce reus  co u n t  o b ta in e d  fro m  p a s te u r iz e d  m i l k  
packaged i n  g la s s  b o t t l e s  was s i g n i f i c a n t l y  h ig h e r  Cp < 0 .0 0 1 ) than  
t h a t  o b ta in e d  from  p a s te u r iz e d  m i l k  packaged i n  SSC, The l a t t e r  
gave a s i g n i f i c a n t l y  h ig h e r  co un t Cp < 0 .001) than  t h a t  f ro m  th e  
p a s te u r iz e d  m i l k  ta n k .  These d i f f e r e n c e s  a re  shown f o r  a l l  o f  th e  
days o f  s to ra g e  a t  5°C. Exposure to  l i g h t  and te m p e ra tu re  c o n d i t io n s  
s im u la t in g  th e  d o o rs te p  d e l i v e r y  system had no s i g n i f i c a n t  e f f e c t  on 
th e  co un t o f  _S, c e re u s . There was a s i g n i f i c a n t  d i f f e r e n c e  Cp < 0 .0 0 1 ) 
between th e  _B. ce reus  coun ts  o b ta in e d  i n  the  s i x  d i f f e r e n t  t r i a l s .
The v a r i a t i o n s  i n  the  _B. ce reus  co u n t  w i t h  s to ra g e  t im e  a re  i l l u s t r a t e d  
i n  g raph  3 :4 ,  The co un t o f  B_. ce re us  in c re a s e d  i n  a l l  . the  samples 
d u r in g  th e  s to ra g e  t im e .  The mean co un t o f  _B, ce reus  i n  m i lk s
purchased i n  g la s s  b o t t l e s  i n  th e  s i x  t r i a l s  was 67,846 p e r  ml a f t e r  6
days o f  s to ra g e  a t  5°C. However, i n  th e  SSC samples th e  c o r re s p o n d in g  ' 
co u n t  was 11,614 p e r  m l,  w h i le  i n  th e  samples from  th e  p a s te u r iz e d
m i l k  ta n k  i t  was 200 p e r  m l.
60
TABLE 3 : 1 4
The _B. ce reus  c o u n t /m l  C30°C f o r  2 d ) ,  expressed as l o g ^ , o f  
samples o f  p a s te u r iz e d  m i l k  ta ke n  from  th e  p a s te u r iz e d  
m i l k  ta n k ,  g la s s  b o t t l e s  and s in g le  s e r v ic e  c o n ta in e r s  on
th e  day o f  p ro c e s s in g .
No. Sample
o f
t r i a l G lassb o t t l e SSC Tank Mean
1 3.18 2 .09 0.71 2 .00
2 2 .72 2 .59 0 .00 1.77
3 5 .12 2.91 0 ,00 2 .66
4 1.10 1 .10 1.10 1.10
5 2.48 1 .10 1 .10 1.55
S 4-43 2.30 1.10 2.61
Mean 3.17 2.01 0.67 1 .95
OF MS VR
* *
T r i a l 5 2.2521 5.01 
* * *
Sample 2 18.7835 41 .85 
* *
T r i a l  sample 9 2.0185 4 .49
R e s id u a l 17 0.4487
T o ta l 33 2.2613
Tab le T r i a l Sample T r i a l  sample
REP 6 12 2
SED 0,387 0 .273 0.670
* s i g n i f i c a n t  a t  5 p e r ce n t l e v e l
* * ft tf /j
* * * " 0. 1 "
TABLE 3 :1 5
The _B_. ce reus  c o u n t /m l  C3Q°C f o r  2 d ) ,  expressed as lo g  , o f  
p a s te u r iz e d  m i l k  packaged i n  g la s s  b o t t l e s  and s in g le - s e r v i c e  
c o n ta in e r s  a f t e r  2 days o f  s to ra g e  a t  5 C i n  darkness  and i n  
l i g h t  and te m p e ra tu re  c o n d i t io n s  s im u la t in g  th e  d o o rs te p  
d e l i v e r y  system . The _B. ce re us  c o u n t  o f  p a s te u r iz e d  m i l k  
f rom  th e  p a s te u r iz e d  m i l k  tan ks  i s  shown.
No Sample and t re a tm e n t
UT
t r i a l G lass-E G lass - N SSC-E SSC-N Tank Mean
1 4 .34 4 .6 2 4 .29 3.70 1 .08 3.61
2 3 .73 3.17 4.51 3 .63  0 .00 3.01
3 5,02 4 .96 3 .70 3 .86 0 .00 3.51
4 3.80 3 .62 4 .10 4.41 1.09 3 .44
5 4 .5 7 4 .70 1.09 1 .09  1 .09 2.51
6 4.68 5.10 3.75 2 .46  1.09 3 .42
Mean 4.36 4 .40 3.58 3.19 0 .73 3.25
OF MS VR
T r i a l 5 1.7330
* * 
7 .55
Trea tm en t 4 27.0501
* * * 
117.94
T r i a l  t re a tm e n t 19 1.7419
* * * 
7 .59
R e s id u a l 29 0.2294
T o ta l 57 2.7476
Tab le T r i a l T rea tm en t T r i a l  t re a tm e n t
REP 10 12 2
SED 0.2142 0.1955 0.4789
*
*  *  
* *  *
s i g n i f i c a n t  a t  5 per c e n t  l e v e l
n M /j it it tr
19 ” 0 1  ” ” ”
TABLE 3 : 16
The ce reus  c o u n t /m l  C30°C f o r  2 d ) ,  expressed as log  , o f  
p a s te u r iz e d  m i l k  packaged i n  g la s s  b o t t l e s  and s in g le - s e r v i c e  
c o n ta in e r s  a f t e r  4 days o f  s to ra g e  a t  5°C i n  darkness and i n  
l i g h t  and te m p e ra tu re  c o n d i t i o n s  s im u la t in g  th e  d oo rs te p  
d e l i v e r y  system . The Bi. ce reus  coun t o f  p a s te u r iz e d  m i l k  
from  th e  p a s te u r iz e d  m i l k  ta n k s  i s  shown.
No. Sample and t re a tm e n t
o f
t r i a l G lass-E G lass-N SSC-E SSC-N Tank Mean
1 6,81 6.51 5.41 5.76 3.31 5 .48
2 7.37 7 .36 7.36 7.26 2 .58  • 6 ,38
3 , 8 .88 8 .80 4 .5 6 4 .56 0 .00 5.36
4 8.20 ■'6.49 6 .78 6 .44 4.61 6 .50
5 7.27 5.71 4 .7 5 4 .08 4 .4 2 5 .24
6 5.85 6.46 5.69 5 .62 6 .03 5 .93
Mean 7 .36 6 .89 5.76 5 .62 3.46 5 .82
DF MS VR
T r i a l 5 2.9181
* * * 
6 .92
Trea tm en t 4 27.3766
* * * 
84.95
T r i a l  t re a tm e n t  13 4 .1197
* * * 
9 .77
R e s id u a l 29 0.4214
T o ta l 57 3.7648
Tab le T r i a l  T rea tm en t T r i a l  t r e a tm e n t
REP 10 12 2
SED 0.2903 0..2650 0.6492
*
* *
s i g n i f i c a n t a t  5 p e r  c e n t
I» -j 11 11
le v e l
* * * " 0.1 "
TABLE 3 : 1 7
The _B. cereus c o u n t /m l C30°C f o r  2 d ) ,  expressed as lo g  , o f  
p a s te u r iz e d  m i l k  packaged i n  g la s s  b o t t l e s  and s in g le - s e r v i c e  
c o n ta in e r s  a f t e r  6 days o f  s to ra g e  a t  5°C i n  darkness and in  
l i g h t  and te m p e ra tu re  c o n d i t io n s  s im u la t in g  th e  d o o rs te p  d e l i v e r y  
system . The _B. ce reus  co un t o f  p a s te u r iz e d  m i l k  from  th e  
p a s te u r iz e d  m i l k  ta n k s  i s  shown.
No. Sample and t re a tm e n t
UT
t r i a l G lass-E Glass-N SSC-E SSC-N Tank Mean
1 9 .4 5 9 .05 7 .26 7 .15  3 .28 7 .24
2 12.27 11 .43 11.97 12.07 6 ,65 10.88
3 12.61 12.67- 8 .97 8.91 3 .57 9 .35
4 11.58 11.39 11.67 11 .36 5.61 ■ 10.32
5 11.48 10,56 7 .12 6 .82  5 .52 8.30
B 10.49 10.52 9 .15 9 .87  7 .16 9 .44
Mean 11 .31 10.94 9 .36 9 .36  5.30 9 .25
MS VR
T r i a l 5 17.5975
"K
106.16
Trea tm en t 4 68.1796
* * * 
411.29
T r i a l  t r e a tm e n t  19 2.9131
* *  * 
17.57
R e s id u a l 29 0 .1658
T o ta l 57 7.3833
Table T r i a l  T rea tm en t T r i a l  t r e a tm e n t
REP 10 12 2
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The c o r r e l a t i o n  c o e f f i c i e n t  between th e  8,. ce reus  co un t and th e  t o t a l  
c o lo n y  coun t was 0.8974 w h ich  i s  h ig h ly  s i g n i f i c a n t  Cp < 0 .0 0 1 ) .
T h is  c o r r e l a t i o n  c o e f f i c i e n t  was c a lc u la t e d  from  a l l  the  samples from  
d i f f e r e n t  so u rce s .
5, P r o t e o l y t i c  co un t
The r e s u l t s  o f  th e  p r o t e o l y t i c  co un t a re  p resen ted  i n  Table  3 :1 8 ,
3 :19 , 3 :20 and 3 :2 1 .  D i f f e r e n c e s  e x is te d  i n  th e  p r o t e o l y t i c  co un t 
o f  samples on th e  day o f  p ro c e s s in g .  The mean o f  th e  p r o t e o l y t i c  
coun t o b ta in e d  from  the  p a s te u r iz e d  m i l k  packaged i n  g la s s  b o t t l e s
;
was s i g n i f i c a n t l y  h ig h e r  Cp < 0 .001 ) than  t h a t  o f  p a s te u r iz e d  m i l k  
packaged i n  SSC. The l a t t e r  showed a s i g n i f i c a n t l y  h ig h e r  Cp < 0 .0 0 1 ) 
co un t than  t h a t  found  i n  th e  samples taken  from  th e  p a s te u r iz e d  m i l k  
ta n k .  D i f f e r e n c e s  were found t o  be th e  same as a t  2, 4 and 6 days o f  
s to ra g e  a t  5°C. Exposure to  l i g h t  and tem pe ra tu re  c o n d i t io n s  
s im u la t in g  th e  d o o rs te p  d e l i v e r y  system had no s i g n i f i c a n t  e f f e c t  on 
th e  p r o t e o l y t i c  c o u n t .
A h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  Cp < 0 .001 ) was found  between the  
p r o t e o l y t i c  c o u n ts  o b ta in e d  i n  d i f f e r e n t  t r i a l s  a f t e r  v a r io u s  p e r io d s  
o f  s to ra g e .
A f t e r  6 days o f  s to ra g e  a t  5°C th e  means o f  the  p r o t e o l y t i c  co u n ts  o f  
the  p a s te u r iz e d  m i l k  packaged i n  g la s s  b o t t l e s ,  SSC and f ro m  the  
p a s te u r iz e d  m i l k  ta n k  were 4 .146  x 10^ p e r  m l,  8 .082  x 10^  ^ p e r  m l, and 
1 .686 X 10  ^ p e r  ml r e s p e c t i v e l y .
The v a r i a t i o n s  i n  the  p r o t e o l y t i c  coun t w i th  s to ra g e  t im e  are  
i l l u s t r a t e d  i n  graph  3 :5 .  The in c re a s e  i n  the  p r o t e o l y t i c  co un t was 
g r e a t e r  i n  m i l k  packaged in  g la s s  b o t t l e s  than  i n  th e  o th e r  sam ples.
The p r o t e o l y t i c  co un t showed a h ig h ly  s i g n i f i c a n t  c o r r e l a t i o n  
c o e f f i c i e n t  Cr = 0 .9549 , p < 0.0013 w i th  th e  t o t a l  c o lo n y  c o u n t .
The c o r r e l a t i o n  c o e f f i c i e n t  w i t h  th e  p s y c h r o t ro p h ic  coun t was h ig h ly  
s i g n i f i c a n t  Cr = 0 .9104 , p < 0 .0 0 1 ) .
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TABLE 3 : 1 8
The p r o t e o l y t i c  c o u n t /m l  C30°C f o r  3 d ) ,  expressed as lo g  , 
o f  samples o f  p a s te u r iz e d  m i l k  ta k e n  from th e  p a s te u r iz e d
m i l k ta n k . g la s s b o t t l e s and s i n g le - s e r v i c e  c o n ta in e r s on
th e  day o f  p ro c e s s in g .
No. Sample
o f
t r i a l G lassb o t t l e SSC Tank Mean
1 6.08 5.77 3 .73 5.19
2 7. 04 ' 6 .69 0 .00 4 .57
3 9.08 6.64 6 .44 7.39
4 5.55 5.97 6.06 5.86
5 6, 66 5.41 4 .32 5.46
6 6.62 5.71 4 .9 3 5.75
Mean 6.84 6 ,03 4 .25 5.71
DF MS VR
* * *
T r i a l 5 5.3468 48.29 
* * *
Sample 2 21.0944 190.54
* * *
T r i a l sample 9 4 .9504 44.71
R e s id u a l 17 0.1107
T o ta l 33 3.4957
Table T r i a l Sample T r i a l  sample
REP 6 12 2
SED 0.1921 0.1358 0. 3327
* s i g n i f i c a n t  a t  5 p e r  c e n t  l e v e l
*  *  J l  Ï I  / j  II  J l  i t
*  *  4 : II  ”  Q  "
TABLE 3 : 1 9
The p r o t e o l y t i c  c o u n t /m l  C30°C f o r  3 d ] ,  expressed as lo g  , o f  
p a s te u r iz e d  m i l k  packaged i n  g la s s  b o t t l e s  and s i n g le - s e r v i c e  
c o n ta in e r s  a f t e r  2 days o f  s to ra g e  a t  5°C in  darkness  and in  
l i g h t  and te m p e ra tu re  c o n d i t io n s  s im u la t in g  th e  d o o rs te p  d e l i v e r y  
system . The p r o t e o l y t i c  c o u n t  o f  p a s te u r iz e d  m i l k  from  the  
p a s te u r iz e d  m i l k  ta n ks  i s  shown.
No. Sample and t re a tm e n t
o f
t r i a l G lass-E G lass-N SSC-E SSC-N Tank Mean
1 7 .13 6 .90 6 .57 6.71 5.69 6 .60
2 6 .65 6 .85 6 .58 6.55 6.09 6 .54
3 10.86 10.87 6 .6 3 6.64 6.74 8 .35
4 7.01 6.78 6 .99 7.07 5.01 6 .57
5 8 .03 6.61 6 .26 6 .43 5.58 6.58
6 6.20 6 .16 6.T9 6.18 6 .28 6.20
Mean 7 .64 7.36 6 .54 6.80 5 .90 6.81
DF MS VR
T r i a l 5 5.92891
* * * 
88.15
Trea tm ent 4 5.86081
* * * 
87.13
T r i a l  t re a tm e n t 19 1.81483
* * * 
26.98
R e s id u a l 29 0.06726
T o ta l 57 1.57053
T able  T r i a l  T rea tm en t T r i a l  t r e a tm e n t
REP 10 12 2
SED 0.1180 0.1059 0.2593
*
* * *
s i g n i f i c a n t  a t  5 p e r  c e n t  l e v e l
II II / |  II ÏI )l
I ,  II 0 .1  " . " "
TABLE 3 : 2 0
The p r o t e o l y t i c  c o u n t /m l  C30°C f o r  3 d ) ,  expressed as lo g  , o f  
p a s te u r is e d  m i l k  packaged i n  g la s s  b o t t l e s  and s i n g le - s e r v i c e  
c o n ta in e r s  a f t e r  4 days o f  s to ra g e  a t  5°C i n  da rkness  and i n  
l i g h t  and te m p e ra tu re  c o n d i t io n s  s im u la t in g  th e  d o o rs te p  d e l i v e r y  
system . The p r o t e o l y t i c  c o u n t  o f  p a s te u r iz e d  m i l k  f ro m  th e  
p a s te u r iz e d  m i l k  ta n k s  i s  shown.
No.
o f
Sample and t re a tm e n t
t r i a l G lass-E G lass-N SSC-E SSC-N Tank Mean
1 9.61 10.25 7 .75 7,62 5 .50 8 .15
2 8.05 8 .22 8 .88 8 .83 6 .66 8 .1 3
3 13.62 13.96 9.81 9.96 6.45 10.76
4 11.33 8 .60 8.81 8.61 6 .59 8 .79
5 11 .99 12.20 8 .08 8.81 6.00 9 .42
6 9.91 10.30 9 .43 9 .23 7.39 9.25
Mean 10.75 10.59 8 .79 8.84 6 .43 9 .08
DF MS VR
T r i a l  5 
T rea tm en t 4 




* * *  
28.90 
* * * 
109.59 
* *  * 
8 .507
R e s id u a l 29 0.3344
T o ta l 57 4.5381










s i g n i f i c a n t a t  5 p e r  c e n tII /| II II
" 0 .1  " "
l e v e l
TABLE 3:21
The p r o t e o l y t i c  c o u n t /m l  .C30°C f o r  3 d } ,  expressed as lo g  , o f  
p a s te u r iz e d  m i l k  packaged i n  g la s s  b o t t l e s  and s i n g le - s e r v i c e  
c o n ta in e r s  a f t e r  6 days o f  s to ra g e  a t  5°C i n  darkness  and i n  
l i g h t  and te m p e ra tu re  c o n d i t io n s  s im u la t in g  th e  d o o rs te p  d e l i v e r y  
system . The p r o t e o l y t i c  c o u n t  o f  p a s te u r iz e d  m i l k  from  th e  
p a s te u r iz e d  m i l k  ta n k s  i s  shown.
No.
o f
t r i a l
Sample and ■tre a tm e n t
G lass-E G lass-N SSC-E SSC-N Tank Mean
1 12.52 12.41 9 .59 9 .70 6.37 10.12
2 11.49 12.23 14.34 14.41 7 .22 11.94
3 15.50 14.50 10.73 10.95 7 .55 11.84
4 12.91 12.63 13.55 13.70 7.41 12.04
5 12.49 13.23 8.71 8.60 7.39 10.08
6 12.49 12.81 10.21 11 .11 8 ,65 11 .05
Mean 12.90 12.97 11.19 11.41 7 .43 11.18
DF MS VR
* *
*  *  *
T r i a l 5 8.1899
Trea tm ent 4 60.8102
T r i a l  t r e a tm e n t  19 4.7904
R e s id u a l 29 0 .2594
T o ta l 57 6.7146
Table T r i a l T rea tm en t
REP 10 12
SED 0.2278 0.2079
s i g n i f i c a n t  a t  5 p e r  c e n t  l e v e l
M ^  J l
" 0,1 "
* * * 
31 .56 
* * * 
234.40 
* * * 
18.46







I-** C  






CQ CQ a  o




s . C o l i fo rm  coun t
The r e s u l t s  o f  th e  c o l i f o r m  co u n ts  on samples o f  p a s te u r iz e d  m i lK  are  
p re se n te d  i n  t a b le s  3 :2 2 ,  3 :2 3 ,  3 :24  and 3 :2 5 . D i f f e r e r *  le v e ls  o f  
c o l i f o r m  i n f e c t i o n  were found  i n  the  v a r io u s  m i l k s  on th e  day o f  
p ro c e s s in g  [T a b le  3 :2 2 ) ,  The c o l i f o r m  coun t o f  p a s te u r iz e d  m i l k  
packaged in  g la s s  b o t t l e s  was s i g n i f i c a n t l y  h ig h e r  Cp < 0 .0 0 1 )  than  
t h a t  o b ta in e d  from  p a s te u r is e d  m i l k  packaged i n  SSC. S im i l a r  
d i f f e r e n c e s  in  th e  c o l i f o r m  coun t o f  m i l k  packaged in  g la s s  b o t t l e s  
and SSC were found a f t e r  2, 4 and 6 days o f  s to ra g e  a t  5°C. C o l i fo r m  
organ ism s were absen t i n  1 ml i n  th e  samples o f  m i l k  i n  SSC on th e  day 
o f  p ro c e s s in g  and a f t e r  2 and 4 days o f  s to ra g e  excep t i n  th e  f i r s t  &
t r i a l ,  C o l i f o rm  b a c te r ia  were found i n  th e  samples o f  SSC a f t e r  6 
days o f  s to ra g e  a t  S^C. None o f  th e  samples take n  from  th e  p a s te u r iz e d  
m i l k  ta n k  gave a p o s i t i v e  r e s u l t  f o r  c o l i f o r m  i n  1 ml i n  a l l  the  
e x p e r im e n ts .  The r e s u l t s  i n  th e  f i r s t  t r i a l  were e s t im a te d  by th e  
computer.
P o s i t i v e  c o l i f o r m  t e s t s  a t  1 ml l e v e l  were found on the  day o f  p ro c e s s in g  
i n  p a s te u r iz e d  m i l k  packaged i n  g la s s  b o t t l e s .  The co un t o f  c o l i f o r m s  
in c re a s e d  in  t h i s  fo rm  o f  packaged m i l k  d u r in g  th e  s to ra g e  t im e  a t  5°C. 
[g raph  3 :8 ) .
Exposure to  l i g h t  and te m p e ra tu re  c o n d i t io n s  s im u la t in g  th e  d o o rs te p  
d e l i v e r y  system had no s i g n i f i c a n t  e f f e c t  on c o l i f o r m  numbers.
H ig h ly  s i g n i f i c a n t  d i f f e r e n c e s  [p < 0 .001 ) were found  between c o l i f o r m
numbers o b ta in e d  in  d i f f e r e n t  t r i a l s  on th e  day o f  p ro c e s s in g  and 
a f t e r  2 days s to ra g e  a t  5°C, A f t e r  4 and 6 days s to ra g e  th e  d i f f e r e n  
i n  c o l i f o r m  le v e ls  between t r i a l s  was s i g n i f i c a n t  a t  1 p e r  ce n t  l e v e l .
7. R e s u l ts  o f  th e  r a p id  p o s t  p a s t e u r i z a t i o n  t e s t
A l l  o f  the  samples wh ich  were te s te d  f a i l e d  t h i s  t e s t .  The 
i d e n t i f i c a t i o n  o f  the  c o lo n ie s  wh ich  grew on the  s e le c t i v e  media used 
i n  t h i s  t e s t  i s  summarised i n  Tab le  3 :2 6 .
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TABLE 3 : 2 2
The c o l i f o r m  c o u n t /m l  [30°C f o r  3 d ) ,  expressed as lo g  , o f  
samples o f  p a s te u r iz e d  m i l k  ta k e n  from  the  p a s te u r iz e d  m i l k
ta n k . and g la s s  b o t t l e s  and s in g le - s e r v i c e c o n ta in e r s on th e
day o f p ro c e s s in g .
No. Sample
o f
t r i a l G lassb o t t l e SSC Tank Mean
1 5.34 1.96 2 .14 3 .14
2 1.50 0 .00 0.00 0 .50
3 4 .82 0 .00 0 .00 1.61
4 2.78 0.00 0 .00 0 .93
5 3.57 0 .00 0 .00 1 .19
6 2.43 0 .00 0 .00 0.81
Mean 3.41 0 .33 0 ,36 1 .36
MS VR
T r i a l 5 5 .4010
* * * 
8 .04
Sample 2 37.5701
* * * 
55.93
T r i a l  sample 9 0.9377 1.39
R e s id u a l 17 0.6716
T o ta l 33 3.6970
Table T r i a l Sample T r i a l  sample
REP 6 12 2
SED 0 .473  0 .335  0.820
* *
s i g n i f i c a n t  a t  5 p e r  c e n t  l e v e l
IV I I  / j  I I  I I  I I
*  *  *  II w Q  ^  w
TABLE 3 : 2 3
The c o l i f o r m  c o u n t /m l  C3Q°C f o r  3 d ) ,  expressed as lo g  , o f  
p a s te u r iz e d  m i l k  packaged i n  g la s s  b o t t l e s  and s in g le - s e r v i c e  
c o n ta in e r s  a f t e r  2 days o f  s to ra g e  a t  5°C in  darkness  a n d : in  . 
l i g h t  and te m p e ra tu re  c o n d i t io n s  s im u la t in g  th e  d o o rs te p  
d e l i v e r y - s y s te m .  The c o l i f o r m , c o u n t  o f  p a s te u r iz e d  m i l k  from  
th e  p a s te u r iz e d  m i l k  t a n k , i s  shown.
No. Sample and t re a tm e n t
o f
t r i a l G lass -E G lass- N SSC-E SSC-N Tank Mean
1 4.39 6 .55 0 .80 1.15 1 .87 2.58
2 1.95 0 .80 0 .00 0 .00 0 .00 0 .55
3 5.04 5.81 0 .00 0 .00 0 .00 2.17
4 3.54 3. 66 0 .00 0.00 0.00 1 ,44
5 1.15 0 .00 0 .00 0 .00 0.00 0 .23
6 3.06 1 .95 0 .00 0.00 0 ,00 1.00
Mean 3.19 3 .13 0 .13 0 .19 0.31 1 .39
DF MS VR
T r i a l 5 10.5285
* * * 
20.48
T rea tm en t 4 31.3903
* * * 
61.06
T r i a l  t r e a tm e n t 19 2.6114
* * * 
5 .08
R e s id u a l 29 0,5140




T r i a l
10
0.3206
Trea tm en t
12
0.2927






s i g n i f i c a n t  a t  5 p e r  c e n t  l e v e l
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TABLE 3 : 2 4
The c o l i f o r m  c o u n t /m l  C30°C f o r  3 d ) ,  expressed as lo g  , o f  
p a s te u r iz e d  m i l k  packaged i n  g la s s  b o t t l e s  and s i n g le - s e r v i c e  
c o n ta in e r s  a f t e r  4 days o f  s to ra g e  a t  5°C in  da rkness  and i n  
l i g h t  and te m p e ra tu re  c o n d i t io n s  s im u la t in g  th e  d o o rs te p  d e l i v e r y  
system . The c o l i f o r m  coun t o f  p a s te u r iz e d  m i l k  from  th e  
p a s te u r iz e d  m i l k  ta n k s  i s  shown.
No. 
o f
t r i a l
Sample and t re a tm e n t
G lass-E Glass--N SSC-E SSC-N Tank Mean
1 5 ,04 6 .56 . 0 .80 1.61 0 .75 2 .95
2 4 .65 1 .39 0 .00 0 .00 0.00 1.21
3 5.53 6 .11 0 .00 0 .00 0 .00 2 .49
4 7 .24 5 .13 0 .00 GUOO 0.00 2 .6 4
5 7 .1 2 7 .12 0 .00 0 .00 0 .00 2 .85
6 4 .0 4 5 ,04 0 .00 0.00 0 .00 1 .82
Mean 5.61 5 ,23 0 .13 0 .54 0 .13 2 .33
DF MS VR
* *
T r i a l 5 4 .6 0 2 4.39
* * *
T rea tm ent 4 96.032 91 .87
T r i a l  t re a tm e n t 19 2.241 2 .14
R e s id u a l 29 1.048
T o ta l 57 8 .423
Tab le T r i a l T rea tm en t T r i a l  t re a tm e n t
REP 10 12 2
SED 0.4580 0. 4180 1.0230
* s i g n i f i c a n t a t  5 pe r c e n t l e v e l
* * 1
* * * " 0.1
TABLE 3 : 2 5
The c o l i f o r m  c o u n t /m l  C30°C f o r  3 d ] ,  expressed as lo g  , o f  
p a s te u r iz e d  m i l k  packaged i n  g la s s  b o t t l e s  and s in g le - s e r v i c e  
c o n ta in e r s  a f t e r  6 days o f  s to ra g e  a t  5°C i n  darkness  and in  
l i g h t  and te m p e ra tu re  c o n d i t i o n s  s im u la t in g  th e  d o o rs te p  d e l i v e r y  
system . The c o l i f o r m  co u n t  o f  p a s te u r iz e d  m i l k  f rom  th e  
p a s te u r iz e d  m i l k  tan ks  i s  shown.
No. 
o f
t r i a l
Sample and t re a tm e n t
G lass-E G lass-N SSC-E SSC-N Tank Mean
1 6.01 6 .55 1 .60 0 .80 0.38 2.91
2 7.00 4 .19 2 .95 2 .30 0 .00 3.29
3 6.38 7 .24 0.00 0.00 0.00 2 .72
4 7 .24 6 .67 1 .60 2 .19 0 .00 3 .54
5 6.13 6 .13 3.91 3.91 0.00 4.01
6 6 .67 7 .24 0 .80 0 .00 0 .00 2.94
Mean 6.57 6 .34 1 .81 1 .53 0 .06 3.24
*
* * *
T r i a l 5 2 .3055 4 .1 2  
* * *
T rea tm en t 4 109.8213 196.36 
* * *
T r i a l  t re a tm e n t 19 2.5259 4.51
R e s id u a l
T o ta l
29 0 .5593  
57 9.0355
Tab le T r ia l - T rea tm en t T r i a l  t r e a tm e n t
REP 10 12 2
SED 0.3345 0.3053 0.7479
l i g n i f i c a n t a t  5 p e r  c e n t  l e v e l
II  ^  M
" 0.1 " - i> II
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8, Q u a l i t y  o f  th e  packag ing  m a t e r ia l
The r e s u l t s  o f  the  s t e r i l i t y  t e s t s  on g la s s  b o t t l e s  and th e  packag ing  
m a te r ia l  a re  p re sen ted  i n  Tab le  3 :2 8 .  The r e s u l t s  show t h a t  the  
empty g la s s  b o t t l e s  were an im p o r ta n t  source o f  p o s t - p a s t e u r i z a t io n  
c o n ta m in a t io n .  The c a r to n in g  m a t e r ia l  was fou n d  to  be le s s  
con ta m ina ted  than  th e  g la s s  b o t t l e s .
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TABLE 3 : 2 6
Types and numbers o f  th e  m ic ro -o rg a n is m s  wh ich  were i s o la t e d  
from  two d i f f e r e n t  s e le c t i v e  m edia* used i n  th e  r a p id  t e s t  
f o r  p o s t  p a s t e u r i z a t i o n  c o n ta m in a t io n  and i d e n t i f i e d  u s ing  
an 'O x i /F e rm ' tube  and 'E n te ro tu b e '  system s.
M ic ro -o rg a n is m s  Number
Aeromonas spp 1
C i t r o b a c t e r  f r e u n d i i  1
E s c h e r i c h ia . c o l i  5
E n te ro b a c te r  aerogenes 5
E n te ro b a c te r  c lo a c a e  3
E n te ro b a c te r  agg lom érons 2
psgiUdomonas Spp. 14
S e r r a t i a  l i q u e f a c ie n s  4
T o ta l  number o f  i s o l a t e s  36
* P la te  co u n t  a ga r CD ifco ] was p repa red  w i t h  one o f  the  f o l l o w in g  
a d d i t i o n s : -
1 . BenzalKon A-50%CAlKyl b e n z y l d ia m e th y l  ammonium c h lo r id e )
CM ercK-Schuchard t) 100 mg/Kg medium.
2, Janus green [H opk ins  and W i l l ia m s )  1000 mg/kg medium.
TABLE 3 : 27
The c o r r e l a t i o n  c o e f f i c i e n t  m a t r i x  between the  d i f f e r e n t  m ic r o ­
b i o l o g i c a l  t e s t s  used to  assess th e  m ic r o b io lo g i c a l  q u a l i t y  o f  
p a s te u r iz e d  m i l k  packaged i n  g la s s  b o t t l e s  and s in g le - s e r v i c e
c o n ta in e r s
1 T o ta l  co lo ny  coun t 1.0000
* * *
2 P s y c h ro t ro p h ic  " 0 .9173 1.000
% 4* % * * *
3 L i p o l y t i c  " 0 .9450 0.9462 1.0000
* * * ^ * * *
4 P r o t e o l y t i c  " 0 .9549 0,9104 0.9121 1 .000
* * * * * * * * * * * *
5 B. ce reus  " 0 .8974 0.9039 0,9069 0.8950 1.000
* * * * * * * * * * * * * * *
6 C o l i f o r m  " 0 .5993 0.6036 0.5435 0.5716 0,5068




* s i g n i f i c a n t  a t  5 p e r  c e n t  l e v e l
*  *  U  H  ^  I»  I I  I I
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TABLE 3 : 2 8
T o ta l  c o lo n y  co un t o f  washed b o t t l e s  and ca rtpn rng%  m a te r ia l  o f  
s in g le - s e r v i c e  c o n ta in e r s  sampled a t  D a iry  A d u r in g  packag ing  
o f  p a s te u r iz e d  m i l k  i n  th e  s i x  d i f f e r e n t  t r i a l s .
No.
o f
t r i a l
No. 
o f  
b a t t l e
T o ta l  c o lo n y  
c o u n t / b o t t l e
No. 
o f  
c a r to n
T o ta l  c o lo n y  
c o u n t / c a r to n
F i r s t 1 5 1 0
2 15 2 0
3 10 3 2
Second 4 8 4 18
5 2 5 35
S B 6 23
T h i rd 7 10 7 0
a 15 8 1
9 10 9 0
F o u r th 10 9 10 0
11 4 11 0
12 18 12 0
F i f t h 13 10 13 2
14 15 14 5
15 30 15 0
S ix th 16 5 16 2
17 27 17 1
18 13 13 0
D a iry  B
1. T o ta l  co lo n y  c o u n t -
The r e s u l t s  o f  th e  t o t a l  c o lo n y  coun t a re  p re se n ted  in  T ab le  3 :2 9 ,  3 :3 0 ,  
3:31 and 3 :3 2 .  The r e s u l t s  show a h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  
Cp < 0 .0 0 1 ) in  th e  t o t a l  c o lo n y  coun t o f  th e  d i f f e r e n t  samples o f  
p a s te u r iz e d  m i l k  on th e  day o f  p ro c e s s in g  [T ab le  3 :2 9 ) .  The t o t a l  
co lo ny  coun ts  o f  p a s te u r iz e d  m i l k  packaged in  SSC and s to re d  a t  5°C 
f o r  up t o  6 days showed g r e a t e r  in c re a s e s  than  tho se  o f  m i l k  s to re d  
under th e  same c o n d i t io n s  i n  g la s s  b o t t l e s .  The t o t a l  c o lo n y  coun t 
i n  g la s s  b o t t l e s  was h ig h e r  [p < 0 .0 0 1 )  than  t h a t  o f  samples taken  f ro n \  
th e  p a s te u r iz e d  m i l k  t a n k ,  ' The d i f f e r e n c e s  r e f e r r e d  to  above were 
found  a f t e r  2, 4 and 6 days o f  s to ra g e  a t  5°C. The mean o f  th e  t o t a l  
co lo n y  count o b ta in e d  from  p a s te u r iz e d  m i l k  packaged in  g la s s  b o t t l e s ,  
SSC and th e  p a s te u r iz e d  m i l k  ta n k  were about 4 .62  x 10^, 1 .989 x 10^ 
and 10,940 p e r  ml r e s p e c t i v e l y  a f t e r  6 days o f  s to ra g e  a t  5°C,
The v a r i a t i o n s  o f  th e  t o t a l  c o lo n y  coun t w i t h  th e  t im e  o f  s to ra g e  
a re  shown i n  g raph  3 :9 .
From th e  r e s u l t s  p re se n te d  i n  Tab le  3 :3 1 ,  i t  i s  c le a r  t h a t  th e  mean 
o f  th e  t o t a l  c o lo n y  coun t i n  samples i n  each typ e s  o f  package b o th  o f  
th e  packag ing  systems was < 3 x 1 0 ^  p e r  ml a f t e r  4 days o f  s to ra g e  
a t  5°C.
S i g n i f i c a n t  d i f f e r e n c e s  [ a t  0.1 p e r  ce n t l e v e l )  were found i n  th e  
t o t a l  c o lo n y  coun t o f  samples taken  i n  each o f  th e  th r e e  t r i a l s  when 
te s te d  on th e  day o f  p ro c e s s in g  and a f t e r  2 , 4 and 6 days o f  s to ra g e  
a t  5°C.
The v a r i a t i o n  in  th e  t o t a l  c o lo n y  count w i t h  th e  s to ra g e  t im e  o f  th e  
d i f f e r e n t  samples i s  i l l u s t r a t e d  in  g raph  3 :9 .
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TABLE 3 : 29
The t o t a l  c o lo n y  c o u n t /m l  C30°C f o r  3d ) ,  expressed as lo g  , 
o f  samples o f  p a s te u r iz e d  m i lK  ta ke n  from  th e  p a s te u r iz e d  
m i l k  ta n k  and f rom  g la s s  b o t t l e s  and s i n g le - s e r v i c e  c o n ta in e r s  
on th e  day o f  p ro c e s s in g .
No.
o f
t r i a l G lassb o t t l e
Sample
SSC Tank Mean
1 8.80 9 .00 8 .50 8.77
2 8.57 8 .74 7.57 8 .29
3 9.61 9 .68 9.44 9.58
Mean 8.99 9 .14 8 .50 8.88
OF VR
* * *
T r i a l  2 2 .52643 229.73
* * *
Sample 2 0.66747 60.69
* * *
T r i a l  sample 4 0.14488 13.17
R e s id u a l  9 0.01100
T o ta l  17 0.41566
Table  T r i a l Sample T r i a l  sample
REP 6 6 2
SED O'. 0605 0.0605 0.1049
*  *
* * *
s i g n i f i c a n t  a t  5 p e r  c e n t  l e v e l
IF n  ^  I# IF Ft
IF W Q  ^  »  IF H
TABLE 3 :30
The t o t a l  c o lo n y  c o u n t /m l  C30°C f o r  3 d ) , expressed as lo g  , 
o f  samples o f  p a s te u r iz e d  m i l k  take n  from  the  .p a s te u r iz e d  m i l k  
ta n k ,  and from  g la s s  b o t t l e s  and s in g le - s e r v i c e  c o n ta in e r s  
a f t e r  2 days o f  s to ra g e  a t  5 C .
No. Sample
SSC Tank Mean
1 8 .55 9 .07 8 .63 8 .75
2 8 .56 8 .64 7 .83 9 .16
3 9 .67 9 .76 9 .58 8 .68
Mean 8 .9 3 9 .16 8 .68 8 .92
DF MS VR
T r i a l
Sample







* * * 
639.46 
* * * 
78,28 
* * * 
26.70
R e s id u a l 9 0.004361
T o ta l 17 0.397912











s i g n i f i c a n t  a t  5 p e r  c e n t  l e v e l
t t  f f  / j  I I  I I  I I
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TABLE 3:31
The t o t a l  c o lo n y  c o u n t /m l  C30°C f o r  3 d ] , expressed as lo g  , 
o f  samples o f  p a s te u r iz e d  m i l k  taken  from  th e  p a s te u r iz e d  
m i l k  ta n k ,  and from  g la s s  b o t t l e s  and s i n g le - s e r v i c e  c o n ta in e r s  
a f t e r  4 days o f  s to ra g e  a t  5 C.
No. Sample
o f
t r i a l G lassb o t t l e SSC Tank Mean
1 9 ,1 7 11.99 0 .7 2 9 .96
2 8.52 8 ,60 8 .68 8 .60
3 9.55 9 .66 9.57 9 .59
Mean 9 .08 10.08 8,99 9 .38
OF MS \m 
* * *
T r i a l 2 2.98797 37.76 
* * *
Sample 2 2 .20116 54.34 
* * *
T r i a l  sample 4 2.04990 50.60
R e s id u a l 9 0.04051
T o ta l 17 1.11426
Table T r i a l Sample T r i a l  sample
REP 6 6 2
SED 0. 1162 0. 1162 0.2013
* s i g n i f i c a n t  a t 5 p e r c e n t  l e v e l
* * 1 "
* * * " 0 .1 "
TABLE 3 : 3 2
The t o t a l  c o lo n y  c o u n t /m l  C3D°C f o r  3 d ) ,  expressed as lo g  , 
o f  samples o f  p a s te u r iz e d  m i l k  take n  from  th e  p a s te u r iz e d  
ta n k ,  and from  g la s s  b o t t l e s  and s in g le-s e r v ic e  c o n ta in e r s  
a f t e r  6 days o f  s to ra g e  a t  5 C,
No. Sample
o f
t r i a l G lassb o t t l e SSC Tank Mean
1 10,81 14.52 8 .83 11,39
2 11.40 12.29 9 .40 11.03
3 10.01 9.81 9 .67 9 .83
Mean 10.74 12.20 9.30 10.75
DF MS VR
T r i a l 2 3.99126
* **  
52.36
Sample 2 12.63221
* **  
165.73
T r i a l  sample 4 4.22520
^
55.43
R e s id u a l 9 0.07622
T o ta l 17 2.99022











*  *  *
s i g n i f i c a n t  a t  5 p e r  c e n t  le v e l
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2. P s y c h ro t ro p h ic  coun t
The r e s u l t s  o f  th e  p s y c h r o t r o p h ic  coun t a re  p re sen ted  i n  T a b les  3 :3 3 ,  
3 :3 4 ,  3 :35  and 3 :3 6 .  When te s te d  on th e  day o f  p ro c e s s in g  th e  mean 
o f  th e  p s y c h r o t r o p h ic  coun t o f  p a s te u r iz e d  m i l k  packaged in  SSC was 
s i g n i f i c a n t l y  h ig h e r  Cp < 0 .0 1 ]  than  t h a t  o f  p a s te u r iz e d  m i l k  packaged 
i n  g la s s  b o t t l e s  and a ls o  o f  th e  samples taken  from  th e  p a s te u r iz e d  
m i l k  ta n k .  There was no s i g n i f i c a n t  d i f f e r e n c e  between th e  coun ts  
from  th e  m i l k  in  g la s s  b o t t l e s  and from  th e  p a s te u r iz e d  m i l k  ta n k  on 
th e  day o f  p ro c e s s in g .  A f t e r  2 days o f  s to ra g e ,  th e  p s y c h r o t ro p h ic  
coun t o b ta in e d  from  SSC samples was s i g n i f i c a n t l y  h ig h e r  Cp < 0 .0 0 1 ]  
than  o f  th e  m i l k  i n  g la s s  b o t t l e s  and th e  samples from  th e  p a s te u r iz e d  
m i l k  ta n k .  These d i f f e r e n c e s  were a ls o  found a f t e r  4 and 6 days o f  
s to ra g e  a t  5°C. A f t e r  th e  m i l k s  has been s to re d  a t  5°C f o r  4 and 6 
days, s i g n i f i c a n t l y  h ig h e r  Cp < 0 .0 0 1 ]  p s y c h r o t ro p h ic  c o un ts  were 
found in  m i l k s  packaged in  g la s s  b o t t l e s  compared t o  th e  samples o f  
m i l k  from  th e  p a s te u r iz e d  m i l k  ta n k .  The mean o f  th e  p s y c h r o t r o p h ic  
coun t o f  th e  samples o f  m i l k  i n  g la s s  b o t t l e s ,  SSC and t h a t  f rom  th e  
p a s te u r iz e d  m i l k  ta n k  were 6 ,9 0 5 ,  7.921 x 10^ and 1,845 p e r  ml 
r e s p e c t i v e l y  a f t e r  6 days o f  s to ra g e  a t  5°C.
The d i f f e r e n c e s  between th e  p s y c h r o t r o p h ic  coun ts  i n  th e  th r e e  t r i a l s  
on th e  day o f  p ro c e s s in g  and a f t e r  2, 4 and 6 days o f  s to ra g e  a t  5°C 
were s i g n i f i c a n t  a t  1, 0 .1 ,  0 .^  and 0.1 p e r  ce n t l e v e l  r e s p e c t i v e l y .
The v a r i a t i o n  i n  th e  p s y c h r o t r o p h ic  coun t i n  re s p e c t  o f  s to ra g e  t im e  
o f  th e  d i f f e r e n t  samples i s  i l l u s t r a t e d  in  g raph  3 :1 0 .
3. L i p o l y t i c  coun t
The r e s u l t s  o f  the  l i p o l y t i c  coun t a re  p resen ted  i n  Tab les  3 :3 7 ,
3 :38 , 3 :39 and 3 :4 0 .  The r e s u l t s  o f  t e s t s  made on the  day o f  
p ro c e s s in g  showed t h a t  th e re  was no s i g n i f i c a n t  d i f f e r e n c e  i n  th e  
l i p o l y t i c  co u n t i n  a l l  th e  samples o f  p a s te u r iz e d  m i l k .
A f t e r  2 days o f  s to ra g e  a t  5°C, the  mean l i p o l y t i c  co un ts  o f  
p a s te u r iz e d  m i l k  packaged i n  SSC was s i g n i f i c a n t l y  h ig h e r  Cp < 0 .0 0 1 ]  
than  t h a t  o f  the  m i l k  packaged i n  g la s s  b o t t l e s  o r  o f  th e  samples
65
TABLE 3 : 3 3
. 0 ,The p s y c h r o t ro p h ic  c o u n t /m l  C7 C f o r  10 d ] ,  expressed as lo g  , 
o f  samples o f  p a s te u r iz e d  m i l k  taken  from  th e  p a s te u r iz e d  m i f k  
ta n k ,  and from  g la s s  b o t t l e s  and s in g le - s e r v i c e  c o n ta in e r s  on
th e  day o f  p ro c e s s in g .
No. Sample
o f
t r i a l G lassb o t t l e SSC Tank Mean
1 0 .34 3 .07 0 .89 1 .43
2 1.09 1,58 0 .89 1.19
3 0.34 0 .89 0.34 0 .53
Mean 0 .59 1 .85 0.71 1.05
DF MS VR
T r i a l  2 
Sample 2 










R e s id u a l 9 0,1241
T o ta l  17 0 .7652











*  *  *
s i g n i f i c a n t  a t  5 p e r  c e n t  l e v e l
n II  ^ II II II
II ” 0 1  ” ” ”
TABLE 3 : 3 4
The p s y c h r o t ro p h ic  c o u n t /m l  C7°C f o r  10 d3, expressed as lo g  , 
o f  samples o f  p a s te u r iz e d  m i l k  taken  from  th e  p a s te u r iz e d  m i f k  
ta n k ,  and from  g la s s  b o t t l e s  and s in g le - s e r v i c e  c o n ta in e r s  
a f t e r  2 days o f  s to ra g e  a t  5°C,
No,
o f
t r i a l G lassb o t t l e
Sample
SSC Tank Mean
1 1 ,24 6 .70 1.10 3.01
2 1 .50 2 .17 1 .24 1.64
3 2.51 1.33 1 .24 1 .71
Mean 1.75 3.42 1 .19 2 .12
OF MS VR.
* * *
T r i a l 2 3.5900 16.90***
Sample 2 8.0406 37.85
* * *
T r i a l  sample 4 6.8733 32.36
R e s id u a l 9 0.2124
T o ta l 17 3.0980
Tab le  T r i a l Sample T r i a l  sample
REP 6 6 2
SED 0 .2660 0.2660 0.4610
* s i g n i f i c a n t  a t 5 p e r ce n t  l e v e l* * 1 " H »
* * * 0.1 " IT If
TABLE 3 : 3 5
The p s y c h r o t ro p h ic  c o u n t /m l  C7°C f o r  10 d ] ,  expressed as lo g  , 
o f  samples o f  p a s te u r iz e d  m i l k  tésen from  th e  p a s te u r iz e d  m i l l  
ta n k ,  and from  g la s s  b o t t l e s  and s i n g le - s e r v i c e  c o n ta in e r s  
a f t e r  4 days o f  s to ra g e  a t  5 C
No. Sample
U 1
t r i a l  G lass 
b o t t l e SSC Tank Mean
1 5 .43 10.87 6.77 7 .69
2 7 .04 7.77 5 ,10 6 .64
3 5 .80 5 .97 4 .74 5 .50
Mean 6 ,09 8 .20 5.54 6.61
DF
T r i a l
Sample







* * * 
541,42 




R e s id u a l 9 0.01329
T o ta l 17 3.29439









* s i g n i f i c a n t  a t
* * II II
5 p e r  c e n t  
/] » 11
le v e l
0 . 1  "
TABLE 3 : 36
The p s y c h r o t ro p h ic  c o u n t /m l  C7°C f o r  10 d ] ,  expressed as lo g  , 
o f  samples o f  p a s te u r iz e d  m i l k  ta k e n  from  the  p a s te u r iz e d  m i î k  
ta n k ,  and from  g la s s  b o t t l e s  and s in g le - s e r v i c e  c o n ta in e r s  a f t e r
6 days o f  s to ra g e  a t  5°C.
No.
o f
t r i a l
Sample
G lass
b o t t l e SSC Tank Mean
1 8 ,0 3 14 .32 6 .37 9.57
2 11.33 12.25 9 .1 2 10.90
3 7 ,18 7 .26 7 .08 7 .17
Mean 8 .84 11.28 7 .52 9.21
DF MS VR
T r i a l
Sample







* * * 
80.11 
* **  
81.22 
* * * 
34,80
R e s id u a l 9 0 .2680
T o ta l 17 7 .4223
Tab le T r i a l Sample T r i a l  sample
REP 6 6 2




s i g n i f i c a n t  a t  5 p e r  c e n t  l e v e l
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TABLE 3 : 37
The l i p o l y t i c  c o u n t /m l  (30°C f o r  3 d ) ,  expressed as lo g  , o f  
samples o f  p a s te u r iz e d  m i l k  ta ke n  from  the  p a s te u r iz e d  m i l k  
ta n k ,  and from  g la s s  b o t t l e s ,  and s in g le - s e r v i c e  c o n ta in e r s
on th e  day o f  p ro c e s s in g .
No.
o f
t r i a l
Sample
G lass
b o t t l e SSC Tank Mean
1 4.88 4 .88 4 .73 4 .83
2 2 .58 ■ 3 .23 2.77 2 .86
3 4.18 4.26 3.97 4 .1 4
Mean 3.88 4 ,1 2 3 .82 3.94
DF \m
T r i a l 2 5 .99072
* * * 
144.14
Sample 2 0.15315 3.68
T r i a l  sample 4 0.06632 1.59
R e s id u a l 9 0.04156















*  *  *
s i g n i f i c a n t  a t  5 p e r  ce n t l e v e l
» IF /| JF »
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TABLE 3 : 38
The l i p o l y t i c  c o u n t /m l  C3Q°C f o r  3 d ) ,  expressed as lo g  , o f  
samples o f  p a s te u r iz e d  m i l k  take n  from  th e  p a s te u r iz e d  m i l k  
ta n k ,  and from  g la s s  b o t t l e s  and s in g l e - s e rv ic e  c o n ta in e r s  
a f t e r  2 days o f  s to ra g e  a t  5°C.
No.
o f
t r i a l G lassb o t t l e
Sample
SSC Tank Mean
1 3 .64 5 .83 4 .04 4 .50
2 3 ,54 3 .70 3.50 3 .58
3 6,21 6.08 5.69 5.99
Mean 4.46 5 .20 4.41 4.69
DF MS VR
T r i a l  2 
Sample 2 




* * * 
146.36 
* * * 
19.41 
* * * 
13.96
R e s id u a l 9 0,66066
T o ta l 17 1.41457









* s i g n i f i c a n t a t  5 pe r
» H
c e n t  l e v e l
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TABLE 3 : 39
The l i p o l y t i c  c o u n t /m l  C30°C f o r  3 d ] ,  expressed as lo g  , o f  
samples o f  p a s te u r iz e d  m i l k  taken  from  th e  p a s te u r iz e d  m i l k  
ta n k ,  and from  g la s s  b o t t l e s  and s in g le - s e r v i c e  c o n ta in e r s  
a f t e r  4 days o f  s to ra g e  a t  5 C,
No.
o f
t r i a l
Sample
Glas s 
b o t t l e SSC Tank Mean
1 5.56 12.16 6.48 8 .07
2 6.48 6.11 4.71 5.77
3 7 .06 7 .5 5 5 .62 6 .74
Mean 6 .37 8.61 5 .60 6 .86
DF MS VR
T r i a l 2 7 .9842
* * * 
23.92 
* * *
Sample 2 14.6461 43.89 
* **
T r i a l  sample 4 7.3475 22.02
R e s id u a l 9 0,3336
T o ta l 17 4 .5678
T ab le  T r i a l  Sample T r i a l  sample
REP S 6 2
SED 0.3330 0.3330 0.5780
* s i g n i f i c a n t  a t  5 pe r ce n t l e v e l
*  *  "  I I  / j  I I  I I
*  *  *  I I  II  g  II  II  II
TABLE 3 : 4 0
The l i p o l y t i c  c o u n t /m l  C30°C f o r  3 d ] , expressed as log  , o f  
samples o f  p a s te u r iz e d  m i lK  taken  from  th e  p a s te u r iz e d  m i l k  
ta n k ,  and from  g la s s  b o t t l e s  and s in g le - s e r v i c e  c o n ta in e r s  
a f t e r  6 days o f  s to ra g e  a t  5 C,
No.
o f
t r i a l G lassb o t t l e
Sample
SSC Tank Mean
1 9 .76 14.33 7.11 10.40
2 11.15 11.98 8 .98 10.70
3 9 .06 9,21 7 .56 8.81
Mean 9.99 11.84 7.88 9.90
DF MS VR
T r i a l  2 
Sample 2 




* * * 
86.57 
* **  
265.37 
* * * 
54.50
R e s id ua l 9 0.08850
T o ta l 17 4.84637









* s i g n i f i c a n t a t  5 p e r c e n t  l e v e l
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taken  from  the  p a s te u r iz e d  m i l k  ta n k .  These d i f f e r e n c e s  were a ls o  
found a t  th e  same le v e l  o f  s ig n i f i c a n c e  a f t e r  4 and 6 days o f  s to ra g e  
a t  5°C.
A f t e r  the  samples had been s to re d  a t  5°C f o r  4 and B days the  l i p o l y t i c  
c o un t o f  th e  m i l k  packaged i n  g la s s  b a t t l e s  was s i g n i f i c a n t l y  h ig h e r  
Cp < 0 .5  and p < 0,1 r e s p e c t i v e l y )  than  th e  c o r re s p o n d in g  samples from  
th e  p a s te u r iz e d  m i l k  ta n k .
A f t e r  samples had been s to re d  a t  5°C f o r  6 days th e  mean l i p o l y t i c  
coun ts  f o r  m i l k  i n  g la s s  b o t t l e s ,  SSC and from  the  p a s te u r iz e d  m i l k  
ta n k  were 2.181 x 10^, 1 ,387 x 10^ and 2.644)^10 r e s p e c t i v e l y .  i
The d i f f e r e n c e  between the  l i p o l y t i c  co u n ts  i n  th e  th r e e  t r i a l s  on 
th e  day o f  p ro c e s s in g  and a f t e r  2, 4 and 6 days o f  s to ra g e  a t  5°C 
were h ig h ly  s i g n i f i c a n t  Cp < 0 . 0 0 1 ) .
The v a r i a t i o n s  i n  th e  l i p o l y t i c  co un t w i t h  the  s to ra g e  t im e  o b ta in e d  
from  th e  th re e  d i f f e r e n t  samples a re  shown i n  graph 3 :1 1 .
4 . B a c i l l u s  ce reus  coun t
The r e s u l t s  o f  th e  B a c i l l u s  ce reus  coun t a re p resen ted  i n  T ab les  4 :4 1 ,  
3 :42 , 4 :4 3  and 3 :4 4 .  The r e s u l t s  o f  t e s t s  made on th e  day o f  
p ro c e s s in g  show t h a t  _B. ce reus  was absen t i n  1 ml i n  a l l  o f  the  
samples o f  p a s te u r iz e d  m i l k  [T a b le  3 :4 1 ) .
A f t e r  m i l k s  had been s to re d  f o r  2 days a t  5°C th e re  was no s i g n i f i c a n t
d i f f e r e n c e  i n  th e  B, ce reus  co u n ts  o f  each o f  th e  samples o f
p a s te u r iz e d  m i l k .  There were s i g n i f i c a n t  d i f f e r e n c e s  C0.1 p e r  c e n t  
l e v e l )  between the  _B. ce reus  coun ts  o f  a l l  th e  samples a f t e r  4 and 6 
days o f  s to ra g e  a t  5°C. A f t e r  4 days o f  s to ra g e  a t  5°C the  mean 
cereus coun t o f  SSC samples was s i g n i f i c a n t l y  h ig h e r  Cp < 0 .5 )  than
t h a t  o f  m i l k  i n  g la s s  b o t t l e s .  However, the  B_. ce re us  co u n ts  o f
m i l k  i n  SSC and g la s s  b o t t l e s  were g r e a te r  than  Cp < 0 .001) those  o f  
samples taken  from  th e  p a s te u r iz e d  m i l k  ta n k .
A f t e r  6 days o f  s to ra g e ,  th e re  was h ig h ly  s i g n i f i c a n t  d i f f e r e n c e
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TABLE 3:41
The B_, ce reus  c o u n t /m l*  C3Q°C f o r  2 d ] ,  expressed as lo g  > o f  
samples o f  p a s te u r iz e d  m i l k  taken  from  th e  p a s te u r iz e d  m i l k  
ta n k  and from  g la s s  b o t t l e s  and s in g le - s e r v i c e  c o n ta in e r s  on
th e  day o f  p ro c e s s in g .
No.
o f
t r i a l
Sample
G lass
b o t t l e SSC Tank Mean
1 0 .00 0 .00 0,00 0 .00
2 0 .00 0 .00 0 .00 0 ,00
3 0 .00 0 ,00 0.00 0 .00
Mean 0 .00 0 .00 0.00 0 .00
* Os no coun t when 1ml o f  u n d i lu t e d  m i l k  was p la te d .
TABLE 3 : 4 2
The _B. ce reus  c o u n t /m l  C3Ü°C f o r  2 d ) , expressed as lo g  , 
o f  samples o f  p a s te u r iz e d  m i l k  take n  from  th e  p a s te u r iz e d  
m i l k  ta n k ,  and from  g la s s  b o t t l e s  and s in g le - s e r v i c e  
c o n ta in e r s  a f t e r  2 days o f  s to ra g e  a t  5 C.
No. Sample
o f
t r i a l G lassb o t t l e SSC Tank Mean
1 4.81 4.91 4 .72 4.81
2 3 .49 3.43-, 2 .77 3 .23
3 2.28 2 .28 1.20 1 .92
Mean 3 .53 3 .54 2.90 3 .32
DF m VR
T r i a l 2 12.5740
* * * 
25.96
Sample 2 0.8102 1.67
T r i a l  sample 4 0.1529 0.31
R e s id u a l 9 0 .4843
T o ta l 17 1.8670
Tab le T r i a l Sample T r i a l  sample
REP 8 6 2
SED 0.402 0.402 0..696
*
* *
*  *  *
s i g n i f i c a n t  a t  5 p e r  c e n t  l e v e l
n If /j II Ji II
ri  w Q  ^  II II  II
TABLE 3 : 4 3
. 0 ,The ce reus  c o u n t /m l C3Q C f o r  2 d )„ expressed as lo g  , o f  
samples o f  p a s te u r iz e d  m i l k  ta k e n  from  th e  p a s te u r iz e d  m i l k  
ta n k ,  and from  g la s s  b o t t l e s  and s in g le - s e r v i c e  c o n ta in e r s  
a f t e r  4 days o f  s to ra g e  a t  5°C,
No.
o f
t r i a l
Sample
G lass
b o t t l e SSC Tank Mean
1 4 .95 6.48 2.39 4.61
2 3.50 3.01 2.99 3.17
3 2.39 3 .15 1 ,79 2 .44
Mean 3 .6 2 4.21 2.39 3.41
OF MS VR
T r i a l  2 
Sample 2 




* * * 
53.28 
* * * 
37.87 
* * * 
16.19
R e s id u a l 9 0.1369
T o ta l 17 2.0619
Tab le
'1









* s i g n i f i c a n t
*  *  n
a t  5 pe r
II  ^ II
c e n t  l e v e l
* * * )i " 0.1 "
TABLE 3 : 4 4
The B_. ce reus  c o u n t /m l  (30°C f o r  2 d ) ,  expressed as lo g  , o f  
samples o f  p a s te u r iz e d  m i l k  ta k e n  from  th e  p a s te u r iz e d  m i l k  
t a n k ,  and from  g la s s  b o t t l e s  and s in g le - s e r v ic e  c o n ta in e r s  
a f t e r  6 days o f  s to ra g e  a t  5 C.
No.
o f
t r i a l
Samp1e
Glass
b o t t l e SSC Tank Mean
1 5.97 9 .62 3.35 6.31
2 4 .6 3 4 .8 2 3.35 4 ,28
3 4 .60 3 .96 2.91 3 .82
Mean 5 .07 6 .13 3.20 4 .80
OF MS
T r i a l  2 
Sample 2 




* * * 
50.15 
* **  
62.50 
* * * 
22.18
R e s id u a l  9 0.2111
T o ta l  17 4.0121
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[0 .1  p e r  c e n t  l e v e l ]  i n  th e  B. ce reus  coun t between th e  samples f rom  
th e  d i f f e r e n t  type s  o f  c o n ta in e r s .  The _B. ce reus  co un t i n  the  
p a s te u r iz e d  m i l k  packaged i n  the  SSC was h ig h e r  Cp < 0 .0 1 )  tha n  t h a t  
o f  the  m i l k  i n  g la s s  b o t t l e s .  The p a s te u r iz e d  m i l k  packaged i n  SSC 
and g la s s  b o t t l e s  gave h ig h e r  Cp < 0 .0 0 1 ]  co un ts  o f  _B. ce reus  than  
m i l k  ta ke n  f ro m  the  p a s te u r iz e d  m i l k  ta n k  and t r e a te d  i n  th e  same way.
A h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  C0.1 p e r  c e n t  i e v e l ]  i n  B_. ce reus  
coun ts  was found  between th e  t r i a l s  a f t e r  samples had been s to re d  f o r  
2, 4 and 6 days a t  5 °C .
A f t e r  6 days o f  s to ra g e  a t  5°C, th e  mean o f  _B. ce reus  co u n ts  o f  sampled' 
o f  m i l k  i n  g la s s  b o t t l e s ,  SSC and t h a t  from  th e  p a s te u r iz e d  m i l k  ta n k  
were abou t 160, 460 and 25 p e r  ml r e s p e c t i v e l y .
The v a r i a t i o n s  on s to ra g e  o f  th e  ce reus  co un t o f  samples i n  g la s s  
b o t t l e s ,  SSC and from  the  p a s te u r iz e d  m i l k  ta n k  a re  i l l u s t r a t e d  in  
g raph  3 :12 .
5, P r o t e o l y t i c  coun t
The r e s u l t s  o f  the  p r o t e o l y t i c  c o u n t  a re  p resen ted  i n  Tab les  3 :4 5 ,  
3 :46 ,  3 :47  and 3 :4 8 . The r e s u l t s  o f  t e s t s  made on th e  day o f  
p ro c e s s in g  and a f t e r  2 days o f  s to ra g e  a t  5°C [T a b le s  3 :45 and 3 :4 6 ]  
showed t h a t  th e re  was no s i g n i f i c a n t  d i f f e r e n c e  i n  the  p r o t e o l y t i c  
co un t o f  the  samples o f  p a s te u r iz e d  m i l k .
A f t e r  4 days o f  s to ra g e  a t  5°C th e  r e s u l t s  showed [T a b le  3 :4 7 ]  t h a t  
th e re  was no s i g n i f i c a n t  d i f f e r e n c e  between the  p r o t e o l y t i c  c o u n ts  
o f  p a s te u r iz e d  m i l k  packaged i n  g la s s  b o t t l e s  and SSC. However, a 
s i g n f i c a n t  d i f f e r e n c e  [p < 0 .0 1 ]  was found in  th e  p r o t e o l y t i c  co un t 
o f  m i l k  i n  g la s s  b o t t l e s  and SSC compared w i t h  the  coun t o f  the  
samples taken  f ro m  the  p a s te u r iz e d  m i l k  ta n k .
When th e  samples had been s to re d  f o r  6 days a t  5°C, the  p r o t e o l y t i c  
c o un t o f  p a s te u r iz e d  m i l k  packaged i n  SSC was s i g n i f i c a n t l y  h ig h e r  
[p < 0 .0 0 1 ]  than t h a t  o f  p a s te u r iz e d  m i l k  packaged i n  g la s s  b o t t l e s .
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TABLE 3 : 4 5
The p r o t e o l y t i c  c o u n t /m l  [30 C f o r  3 d ] ,  expressed as l o g . ,  o f  
samples o f  p a s te u r iz e d  m i l k  take n  from  th e  p a s te u r iz e d  m i î k
ta n k . and from  g la s s b o t t l e s  
th e  day
and s in g le - s e r v i c e  c o n ta in e r s  




t r i a l
Sample
G lass
b o t t l e SSC Tank Mean
1 5.57 5 .53 5.59 5 .56
2 4 .19 4 .49 4 .36 4 .35
3 3.64 4 .10 3 .77 3 .84
Mean 4 .46 4.71 4 .57 4 .5 8
m VR
T r i a l 2 4.73030
* * * 
74.46
Sample 2 0.09042 1 .42
T r i a l  sample 4 0,03632 0.58
R e s id u a l 9 0.06353















*  *  *
s i g n i f i c a n t  a t  5 p e r  c e n t  l e v e l
If  I f  / j  f t  I f  J9
n ” 0 1  ”  ”  ”
TABLE 3 : 4 6
The p r o t e o l y t i c  c o u n t /m l  C30°C f o r  3 d ] , expressed as lo g  , 
o f  samples o f  p a s te u r iz e d  m i l k  ta k e n  from  th e  p a s te u r iz e d  
m i l k  ta n k ,  and from g la s s  b o t t l e s  and s in g le - s e r v i c e  
c o n ta in e r s  a f t e r  2 days s to ra g e  a t  5°C
No. Sample
o f
t r i a l G lassb a t t l e SSC Tank Mean
1 5.68 5 ,60 5,51 5 ,60
2 4 .06 3 .58 3 .54 3 .73
3 3 .82 3 .92 4 .2 2 3.99
Mean 4 .5 2 4 .37 4 .4 2 4 .44
OF MS VR
'
T r i a l 2 6 .15874
* * * 
115.43
‘
Sample 2 ■ 0.03754 0 .70
T r i a l  sample 4 0.11686 2.19
R e s id ua l 9 0.05335
T o ta l 17 0.78472











*  *  *
s i g n i f i c a n t  a t  5 p e r  c e n t  l e v e l
"  II  / |  ft » »
» ” G 1 ” ” ”
TABLE 3 : 47
The p r o t e o l y t i c  c o u n t /m l  C30°C f o r  3 d ] ,  expressed  as lo g  , 
o f  samples o f  p a s te u r iz e d  m i lK  taken  from  the  p a s te u r iz e d  
m i l k  ta n k ,  and from  g la s s  b o t t l e s  and s in g le - s e r v ic e  c o n ta in e r s
a f t e r  4 days s to ra g e  a t  5°C
No. Sample
U T
. t r i a 1 G lass
b o t t l e SSC Tank Mean
1 7.60 8 .63 6 .54 7 .59
2 4 .85 4 .6 5 3 .86 4 .46
3 7 .37 6 .90 6 .78 7 .02
Mean 6.61 6 .73 5 .73 6 .36
OF MS VR
T r i a l  2 
Sample 2 









R e s id u a l 9 0.1267
T o ta l  17 0.3764










s i g n i f i c a n t  a t  5 p e r  c e n t  l e v e l
I I  / j  I f  I f  II
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TABLE 3 : 48
The p r o t e o l y t i c  c o u n t /m l  C30°C f o r  3 d ) ,  expressed as lo g  , 
o f  samples o f  p a s te u r iz e d  m i l k  take n  f rom  th e  p a s te u r iz e d  
m i l k  ta n k ,  and from  g la s s  b o t t l e s  and s in g le - s e r v i c e  c o n ta in e r s
a f t e r  8 days o f  s to ra g e  a t  5 C.
No. Sample
n G lass 
t r i a l  b o t t l e SSC Tank Mean
1 6 .77 ' 13.90 7.71 9 .46
2 7 .53 8 .25 7 .72 7 .84
3 9 .20 9 .24 5.61 8 .02
Mean 7 .83 10.46 7 .02 8 .44
OF JÜË.
* * *
T r i a l  2 4 .73042 141.59 
* * *
Sample 2 19.47552 582.95
# sK
T r i a l  sample 4 9.75383 291.95
R e s id u a l  9 




Table  T r i a l Sample T r i a l  sample
REP 6 6 2
SED 0.1055 0.1055 0.1828
* s i g n i f i c a n t  a t  5 p e r  c e n t  l e v e l
*  * I f  FÏ  ^ I f  I f  1




























The l a t t e r  hdd a h ig h e r  co un t Cp < 0 ,0 0 1 )  than  t h a t  o f  the  p a s te u r iz e d  
m i l k  taken  f rom  the  p a s te u r iz e d  m i l k  ta n k .
The mean p r o t e o l y t i c  co u n ts  a f t e r  s to ra g e  f o r  6 days a t  5°C o f  th e  
samples o f  m i l k  i n  g la s s  b o t t l e s ,  SSC and t h a t  take n  from  th e  
p a s te u r iz e d  m i l k  ta n k  were 2 .5 1 5 ,  3 .49 x 10*  ^ and 1.119 p e r  ml 
r e s p e c t i v e l y .
There was a h ig h l y  s i g n i f i c a n t  d i f f e r e n c e  CO.1 p e r  c e n t  l e v e l )  between 
t r i a l s  i n  the  p r o t e o l y t i c  co un t o f  samples on th e  day o f  p ro c e s s in g
and a f t e r  2, 4 and 6 days o f  s to ra g e  a t  5°C.
The v a r i a t i o n s  o f  th e  p r o t e o l y t i c  co un ts  o f  p a s te u r iz e d  m i l k  samples 
i n  g la s s  b o t t l e s ,  SSC and t h a t  taken  from  th e  p a s te u r iz e d  m i l k  ta n k
w i th  the  s to ra g e  t im e  a re  i l l u s t r a t e d  i n  graph  3 :1 3 ,
S. C o l i f o r m  coun t
The r e s u l t s  o f  the  c o l i f o r m  coun t a re  p resen ted  i n  Tab les  4 :4 9 ,
3 :5 0 ,  3:51 and 3 :5 2 .
The r e s u l t s  o f  t e s t s  made on th e  day o f  p ro c e s s in g  show t h a t  c o l i f o r m
b a c te r ia  were absen t i n  1 ml i n  a l l  th e  samples.
In  th e  f i r s t  t r i a l  c o l i f o r m  b a c te r ia  were found i n  the  samples o f  
m i l k  i n  th e  SSC a f t e r  2 days o f  s to ra g e  a t  5°C. None o f  the  
re m a in in g  samples o f  m i l k  i n  g la s s  b o t t l e s  o r  from  the  p a s te u r iz e d  
m i l k  ta n k  gave any  p o s i t i v e  r e s u l t s .
A f t e r  4 days o f  s to ra g e  a t  5°C, c o l i f o r m  b a c te r ia  were found o n ly  i n  
the  samples o f  m i l k  f rom  SSC i n  th e  f i r s t  t r i a l .  A f t e r  6 days o f
s to ra g e  p o s i t i v e  c o l i f o r m  t e s t s  Cl m l) were found i n  a l l  o f  the
samples o f  p a s te u r iz e d  m i l k  i n  g la s s  b o t t l e s  excep t i n  th e  samples o f  
the  second t r i a l .  A f t e r  a s i m i l a r  s to ra g e  t im e  a l l  samples o f  m i l k  
i n  SSC were p o s i t i v e  a t  1 ml w i t h  th e  e x c e p t io n  o f  th e  samples o f  th e  
t h i r d  t r i a l .  C o l i fo rm  b a c te r ia  were fou n d  to  be absen t a t  1 ml l e v e l  
i n  a l l  o f  the  samples taken  from  the  p a s te u r iz e d  m i l k  ta n k .
68
The co un t o f  c o l i f o r m  b a c t e r i a . o f  th e  samples o f  p a s te u r iz e d  m i l k  
packaged i n  SSC was s i g n i f i c a n t l y  h ig h e r  Cp < 0 .001 ) than  t h a t  o f  the  
samples o f  p a s te u r iz e d  m i l k  packaged i n  g la s s  b o t t l e s .
The v a r i a t i o n s  o f  th e  c o l i f o r m  co un t o f  samples o f  p a s te u r iz e d  m i l k  
i n  g la s s  b o t t l e s ,  SSC and t h a t  ta ke n  from  the  p a s te u r iz e d  m i l k  ta n k  
a f t e r  s to ra g e  a t  5°C a re  i l l u s t r a t e d  i n  g raph  3 :1 4 ,
69
TABLE 3 :49
The c o l i f o r m  o oun t/m l*  C30 C f o r  3 d ) , expressed as lo g  , o f  
samples o f  p a s te u r iz e d  m i l k  ta ke n  from  th e  p a s te u r iz e d  m i l k
ta n k  and from  g la s s b o t t l e s and s i n g le - s e r v i c e  c o n ta in e r s on
th e day o f p ro c e s s in g .
No, Sample
o f
t r i a l G lassb o t t l e SSC Tank Mean
1 0 .00 0 .00 0 ,00 0 .00
2 0.00 0 .00 0.00 0 ,00
3. 0 .00 0 .00 0.00 0 .00
Mean 0 .00 0 .00 0 .00 0 .00
No c o l i f o r m  p re s e n t  when 1 ml o f  u n d i lu te d  m i l k  was t e s te d .
TABLE 3 : 5 0
The c o l i f o r m  c o u n t /m l  C30°C f o r  3 d ] expressed as lo g  , o f  
samples o f  p a s te u r iz e d  m i l k  ta ke n  from  th e  p a s te u r iz e d  m i l k  
ta n k ,  and from  g la s s  b o t t l e s  and s in g le - s e r v i c e  c o n ta in e r s  
a f t e r  2 days s to ra g e  a t  5 C.
No,
o f
t r i a l
Sample
Glass
b o t t l e SSC Tank Mean
1 0.00 1 .15 0.00 0.38
2 0 .00 0 .00 0 .00 0 .00
3 0.00 0 .00 0 .00 0 .00
Mean 0.00 0 .38 0.00 0 .13
OF MS VR
T r i a l 2 0.2945 1.00
Sample 2 0.2945 1.00
T r i a l sample 4 0,2945 1.00
R e s id u a l  9 0,2945 1.00
T o ta l 17 0,2945 1.00
Table T r i a l Sample T r i a l sample
REP 6 6 2




s i g n i f i c a n t  a t  5 p e r  c e n t  le v e l
» I t /j I f » i t
I» ' ' 0  1 "  "  "
TABLE 3 :51
The c o l i f o r m  c o u n t /m l  C3Q°C f o r  3 d ) ,  expressed as lo g ^ ,  o f  
samples o f  p a s te u r iz e d  m i l k  take n  from  th e  p a s te u r iz e d  m i l k  
ta n k  and from  g la s s  b o t t l e s  and s i n g le - s e r v i c e  c o n ta in e r s  
a f t e r  4 days o f  s to ra g e  a t  5°C.
No.
o f
t r i a l
Sample
Glass
b o t t l e SSC Tank Mean
1 0 .00 6 .15 0.00 2 .05  ;
2 0 .00 0 .00 0 .00 0 .00
3 0.00 0 .00 0 .00 0 .00
Mean 0 .00 2 ,05 0 .00 0 ,68
OF MS VR
T r i a l 2 8 .4149
* * * 
52.37
Sample 2 . 8 .4149
* **  
52.37
T r i a l  sample 4 8.4149
* * * 
52.37
R e s id u a l 9 0.1607















*  *  *
s i g n i f i c a n t  a t  5 p e r  ce n t  l e v e l
Î Ï  JJ i f  n  IP
IP ” 0 1  ”  ”  ”
TABLE 3 : 5 2
The c o l i f o r m  c o u n t /m l  C30°C f o r  3 d ] ,  expressed as lo g  , o f  
samples o f  p a s te u r iz e d  m i l k  take n  from  th e  p a s te u r iz e d  m i l k  
ta n k ,  and from  g la s s  b o t t l e s  and s in g le - s e r v i c e  c o n ta in e r s  
a f t e r  8 days o f  s to ra g e  a t  5 C,
No. Sample
O f
t r i a l G la  s s b o t t l e SSC Tank Mean
1 2 .72 7 .2 4 0 .00 3 .32
2 0 .00 1.45 0 .00 0 .48
3 0.06 0 .00 0 .00 0 .00
Mean 0.91 2 .90 0 .00 1 .27
DF MS VR
T r i a l  , 2 
Sample 2 




_ * * *
64.35 
* * * 
43.87 
* * * 
24.98
R e s id u a l  9 0 .3003
T o ta l  17 5.748
*
* *
Table  T r i a l  Sample T r i a l  sample
REP 6 6 2
SED 0.3160 0,3160 0.548
S i g n i f i c a n t  a t  5 p e r  c e n t  l e v e l
II II / |  II II II
*  *  *  II II Q  II
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TABLE 3 : 5 3
A com parison o f  r e s u l t s  f rom  d a i r i e s  A and B o f  the  t o t a l  
c o lo n y  c o u n t /m l  C30°C f o r  3 d ] , expressed as lo g g ,  o f  
p a s te u r iz e d  m i l k  packaged i n  g la s s  b o t t l e s  and s in g le  
s e r v ic e  c o n ta in e r s  and from  p a s te u r iz e d  m i l k  ta n k s  a f t e r  
d i f f e r e n t  p e r io d s  o f  s to ra g e  a t  50C
P e r io d  o f  t e s t i n g
D a iry  A D a ir y  B
Glass
b o t t l e SSC Tank
Glass
b o t t l e SSC Tank
On th e  day o f  p ro c e s s in g 8 .88 8 .65 7.74 8 .89 9 .14 8 .50
A f t e r  2 days o f  s to ra g e 9.06 8 .57 7.49 8 .93 9 .16 8 .68
A f t e r  4 days o f  s to ra g e 12.19 10.31 7.51 9 .08 10.08 8 .99


















D a iry  A
Counts o b ta in e d  by v a r io u s  m ic r o b ia l  t e s t s  on samples o f  p a s te u r iz e d  
m i lK  packaged i n  g la s s  b o t t l e s  were h ig h e r  than those  o b ta in e d  from  
p a s te u r iz e d  m i l k  packaged i n  s i n g le - s e r v i c e  c o n ta in e r s .  The 
d i f f e r e n c e s  were p re s e n t  i n  samples te s te d  on the  day o f  p ro c e s s in g .
S ince  th e  m i l k  f i l l e d  i n t o  each ty p e  o f  c o n ta in e r  was f ro m  th e  same 
s o u r c S j i . e .  f ro m  th e  p a s te u r iz e d  m i l k  t a n k , t h e  d i f f e r e n c e s  in  
m ic r o b ia l  coun ts  p o in t  to  d i f f e r e n t  l e v e l s  o f  p o s t - p a s t e u r i z a t io n  
i n f e c t i o n .  I n  t h i s  case the  p o s t - p a s t e u r i z a t i o n  c o n ta m in a t io n  
appears to  have been g r e a te r  w i t h  g la s s  b o t t l e s  and a s s o c ia te d  
f i l l i n g  equipment than  w i t h  SSC and c o rre s p o n d in g  f i l l i n g  a n c i l l a r i e s .
The c o n ta m in a t io n  a f t e r  p ro c e s s in g  c o u ld  have o c c u r re d  i n  g la s s  b o t t l e  
packag ing  system due t o ; -
C i] c o n ta m in a t io n  f rom  th e  p ip e l i n e  le a d in g  to  the  b o t t l e -  
f i l l i n g  machine and th e  f i l l i n g  machine i t s e l f (P o th m a n n  and 
H i l l e b r a n d ,  1954; Glenn and O lson, 1959; and K a l in a  _et, a l . ,  
19733,
C ii3  the  a i r b o r n e  c o n ta m in a t io n  d u r in g  the  b o t t l i n g  p rocess  
CGgav/a _et, a l^ . , 1968), and '
C i i i )  c o n ta m in a n ts  i n  th e  empty b o t t l e s ,  p a r t i c u l a r l y  i f  washing 
has n o t  been adequa te .
The r e s u l t s  i n  Table  3 :28  show t h a t  th e  empty g la s s  b o t t l e s  were a 
source  o f  c o n ta m in a t io n .  These r e s u l t s  agree w i t h  those  o f  Rog iok  
and Burgwald [1952 3 and Pothmann and H i l l e b r a n d ,[19543 .
The r e s u l t s  g iv e n  i n  Tab le  3 :28 a ls o  in d i c a t e  t h a t  p o s t - p a s t e u r i z a t io n  
c o n ta m in a t io n  o c c u r re d  i n  the  SSC packag ing  system, b u t  to  a le s s e r  
e x te n t  than  i n  th e  g la s s  b o t t l e  packag ing  system . The c o n ta m in a t io n  
i n  the  SSC packag ing  system c o u ld  be due to  : -
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C i3 c a r to n in g  m a t e r ia l  w h ich  was found  to  h a rb o u r  some m ic r o ­
o rgan ism s [T a b le  3: 28 3-. These r e s u l t s  agree w i t h  those  o f  
O ve rcas t  [1967 3 who found  t h a t  pape r c a r to n s  were co n tam ina ted  
w i t h  sm a ll  numbers o f  p s y c h ro t ro p h s ,
C ii3  a i r b o r n e  c o n ta m in a t io n  [O v e rc a s t ,  19673 and
[ i i i 3  co n ta m in a n ts  on th e  c o n ta c t  s u r fa c e s  o f  the  f i l l i n g  
machine.
The r e s u l t s  o f  t e s t s  made, on samples, f ro m  th e  p a s te u r iz e d  m i l k  ta n k  
showed a v e ry  low  b a c t e r i a l  co u n t  compared w i th  m i l k  packaged i n  g la s s  
b o t t l e s  and SSC, The in c re a s e  i n  th e  b a c t e r i a l  coun t o f  samples 
from  th e  p a s te u r iz e d  m i l k  ta n k  was v e ry  s low  d u r in g  th e  p e r io d  o f  
s to ra g e  a t  5°C. T h is  r e s u l t  i n d ic a t e s  t h a t  the  co n ta m in a n ts  i n  th e  
b u lk  p a s te u r iz e d  m i l k  were th e rm o d u r ic  b a c te r ia  w h ich  s u rv iv e d
p a s t e u r i z a t i o n  te m p e ra tu re .  Most o f  th e se  b a c te r ia  a re  l i k e l y  to  be 
s p o re fo rm in g  organ ism s w h ich  have a lo n g  m u l t i p l i c a t i o n  t im e  a t  5°C , 
[L a n gve ld  ejb. a l_ ., 19733 , In  the se  s tu d ie s  none o f  the  samples o f  
p a s te u r iz e d  m i l k  f rom  th e  p a s te u r iz e d  m i l k  ta n k  he ld  a t  5°C f o r  6 day: 
exceeded 10,000 pe r m l.
The r e s u l t s  i n  Table  3 :4  showed t h a t  a f t e r  4 days o f  s to ra g e  a t  5°C, 
th e  mean o f  th e  t o t a l  c o lo n y  co un t o f  p a s te u r iz e d  m i l k  packaged i n  
g la s s  b o t t l e s  was 2.-15 x 10® p e r  m l .  The t im e  w h ich  e lapses  between 
p ro c e s s in g  and consum ption  o f  m i l k  v a r ie s ,  depending on d i s t r i b u t i o n  
and r e t a i l i n g  p a t t e r n s .  Under c e r t a i n  c o n d i t io n s  m i l k  w i l l  have 
been s u b je c te d  to  s to ra g e  c o n d i t i o n s  s i m i l a r  to  those  used in  the  
t r i a l s  and so le v e ls  o f  b a c t e r i a l  c o n ta m in a t io n  w i l l  be s i m i l a r  i n  
p r a c t i c e .  When these  r e s u l t s  a re  compared w i th  tho se  o b ta in e d  from  
SSC samples s u b je c te d  to  the  same c o n d i t i o n s ,  i t  i s  e v id e n t  t h a t  th e  
b a c t e r i o l o g i c a l  q u a l i t y  o f  m i l k  i n  SSC i s  b e t t e r , s i n c e  th e  mean o f  
th e  t o t a l  c o lo n y  co un t was 3 .2  x 10*  ^ p e r  m l.
I t  i s  c l e a r  from  the  r e s u l t s  t h a t  p s y c h r o t ro p h ic  b a c te r ia  were 
p redom in an t o rgan ism s a f t e r  4 and 6 days o f  s to ra g e  a t  5°C i n  
p a s te u r iz e d  m i l k .  The c o r r e l a t i o n  c o e f f i c i e n t s  w i t h  t o t a l  c o lo n y
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co un ts  be ing  0 ,8244 and 0 .9252 r e s p e c t i v e l y .
Most o f  the  p s y c h r o t ro p h ic  b a c t e r ia  were found  to  be e i t h e r  l i p o l y t i c  
o r  p r o t e o l y t i c  o r  b o th .  The co u n ts  o f  these  o rgan ism s had s i g n i f i c a n t  
c o r r e l a t i o n  c o e f f i c i e n t s ,  0 .9462 and 0,9104 r e s p e c t iv e ly ,  w i t h  the  coun t 
o f  p s y c h r o t r o p h ic  b a c te r ia  [T a b le  3 :273 . S c h u l tz e  [1960 3 s tu d ie d  586 
c u l t u r e s  o f  p s y c h ro t ro p h s  i s o la t e d  f rom  p a s te u r iz e d  d a i r y  p ro d u c ts .
He found  abou t 90 p e r  c e n t  o f  th e  c u l t u r e s  were e i t h e r  l i p o l y t i c  o r  
p r o t e o l y t i c  and 6 6 'p e r  c e n t  had bo th  c h a r a c t e r i s t i c s ,
A .com pa r ison  o f  th e  r e s u l t s  o f  t e s t s  f o r  ce reus  on p a s te u r iz e d  m i l k ,  
packaged i n  g la s s  b o t t l e s  and SSC w i t h  those  o f  samples f ro m  th e  '
p a s te u r iz e d  m i l k  tank^showed t h a t  p o s t - p a s t e u r i z a t i o n  c o n ta m in a t io n  
w i t h  B. ce reus  had o c c u r re d ,  S te w a r t  [1975 3 found  t h a t  c o n ta m in a t io n  
by _B. ce reus  i n  th e  f n i l k  p la n t  was due to  th e  a i r ,  w a te r ,  m i l k  h a n d l in g  
equ ipm ent and p e rs o n n e l .  Cannon [19723 found  t h a t  th e  p i p e l i n e  
g aske ts  were a m a jo r  source  o f  p s y c h r o t ro p h ic  s p o re fo rm e rs .
C o l i fo rm  b a c te r ia  were found  i n  1 ml o f  p a s te u r iz e d  m i l k  packaged i n  
g la s s  b d t t l e s  on th e  day o f  p ro c e s s in g  b u t were a bsen t i n  th e  same 
q u a n t i t y  o f  p a s te u r iz e d  m i l k  packaged i n  SSC, Gletjn and Olson [19593 
and K a l in a  e t . a l . [19733 found  t h a t  th e  b o t t l e - f i l l e r  was the  most 
common source  o f  c o l i f o r m  c o n ta m in a t io n  i n  c o m m e rc ia l ly  p a s te u r iz e d  
m i l k .  C o n ta m in a t io n  due to  the se  b a c te r ia  was found  in  SSC m i l k s  
[ + V e  1 m l3 a f t e r  6 days o f  s to ra g e  a t  5°C. The absence o f  c o l i f o r m  
b a c te r ia  [ i n  1 ml 3 i n  th e  samples o b ta in e d  from  th e  p a s te u r iz e d  m i l k  
tank ,w hen  te s te d  on the  day o f  p ro c e s s in g  and a f t e r  2, 4 and 6 days 
o f  s to ra g e  a t  5°C-means t h a t  th e  p a s te u r iz e d  m i l k  was co n tam ina ted  by 
these  organ ism s a f t e r  p ro c e s s in g .
The e f f e c t  o f  l i g h t  and te m p e ra tu re  c o n d i t io n s  s im u la t in g  the  d o o rs te p  
d e l i v e r y  system on th e  m ic r o b io lo g i c a l  q u a l i t y  o f  p a s te u r iz e d  m i l k  
i s  r e la t e d  to  a c o m b in a t io n  o f  th r e e  f a c t o r s : -
[ i 3 the  source  o f  l i g h t  s i m i l a r  to  d a y - l i g h t ,
[ i i 3  tem pera tu re , d u r in g  exposure  t r e a tm e n t .
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C i i i ]  th e  t im e  o f  e x p o s u re  t o  t h e  l i g h t  and te m p e r a tu r e .
F a c to rs  C i i ]  and C i i i ]  c o u ld  a f f e c t  th e  m ic r o b io lo g i c a l  q u a l i t y  o f  
p a s te u r iz e d  m i l k .  . However, i t  i s  c l e a r  from  th e  r e s u l t s  o f  th e  
d i f f e r e n t  b a c t e r i o l o g i c a l  t e s t s  used i n  t h i s  s tu d y  t h a t  exposure f o r  
3 h to  l i g h t  and te m p e ra tu re  c o n d i t i o n s  s im u la t in g  th e  d o o rs te p  d e l i v e r y  
system had no e f f e c t  on th e  m ic r o b io lo g i c a l  q u a l i t y  o f  p a s te u r iz e d  m i l k .
S ince  the  s tu d ie s  were made i n  th e  p e r io d  O ctober 1979 -  March 1980 -  
a p e r io d  o f  c o ld  w ea th e r -  the  te m p e ra tu re s  used d u r in g  exposure 
t re a tm e n ts  were n o t  h ig h  enough to  a f f e c t  th e  m ic r o b io lo g i c a l  
q u a l i t y  o f  th e  exposed samples. The te m p e ra tu re s  o f  exposure were  ^
Chosen a c c o rd in g  to  the  mean te m p e ra tu re s  a t  A u c h in c ru iv e  d u r in g  1976, 
1977 and 1978 CChannon and K irkw ood , 1 9 7 9 ],  Mean am b ien t te m p e ra tu re s  
on wh ich  th e  p ro ced u re  was based were 1 1 .1 ,  6 .6 ,  6 ,6 ,  3 .6 ,  3 .7  and 
5,a°C f o r  the  months O ctober-M arch  r e s p e c t i v e l y .  I t  w i l l  be seen t h a t  
th e  exposure  te m p e ra tu re s  were s i m i l a r  to  the  chosen te m p e ra tu re  o f  5°C 
a t  w h ich  s to ra g e  to o k  p la c e .  However, i f  t h i s  work had been done i n  
summer-time the  te m p e ra tu re  c o u ld  have had an a f f e c t  on the  m ic r o ­
b i o l o g i c a l  q u a l i t y  due to  exposure  because the  te m p e ra tu re s  i n  the  
m orn ing  in  summer-time c o u ld  have been more than  10°C, F u r th e r  work 
r e q u i r e s  to  be done i n  summer t im e  to  f i n d  th e  e f f e c t  o f  th e  exposure  
t re a tm e n t  on the  m ic r o b io lo g i c a l  q u a l i t y  o f  p a s te u r iz e d  m i l k .
Table  3 :26 shows th e  G ram -nega t ive  b a c te r ia  w h ich  were i s o la t e d  and 
i d e n t i f i e d  from  th e  s e le c t i v e  m edia. These type s  o f  b a c te r ia  were 
r e s p o n s ib le  f o r  c o n ta m in a t io n  o f  p a s te u r iz e d  m i l k  a f t e r  p ro c e s s in g .  
Pseudomonas were th e  p re do m in a n t o rgan ism s. T h is  i s  i n  agreement w i t h  
O ve rcas t  and Skeen Cl 9 5 9 ] ,  S c h u l tz e  and Olson [ I 9 6 0 ] ,  Dempster C1968] 
and Thomas C1970).
D a i r y  B
The r e s u l t s  o f  t h e , v a r io u s  m ic r o b ia l  t e s t s  wh ich  were used to  assess 
the  m ic r o b io lo g i c a l  q u a l i t y  o f  p a s te u r iz e d  m i l k  produced a t  d a i r y  B 
showed t h a t  p a s te u r iz e d  m i l k  packaged i n  g la s s  b o t t l e s  was s u p e r io r  
i n  q u a l i t y  to  t h a t  w h ich  was packaged i n  SSC.
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The r e s u l t s  in d ic a te d  t h a t  v e ry  low p o s t - p a s t e u r i z a t io n  c o n ta m in a t io n  
o c c u r re d  i n  th e  g la s s  b o t t l e  ■ packag ing  system in  t h i s  d a i r y .  The 
mean o f  th e  t o t a l  c o lo n y  co u n t  found  i n  th e  g la s s  b o t t l e  samples 
a f t e r  6 days o f  s to ra g e  a t  5°C was 4 .6  x 10*  ^ b a c te r ia  p e r  ml [T a b le  
3 :3 2 ] .  However, i t  i s  c le a r  from  th e  same t a b le  t h a t  th e  mean o f  
th e  t o t a l  c o lo n y  co u n t  o b ta in e d  from  SSC samples was 1 ,98 x 10® 
b a c te r ia  p e r  m l,  w h i le  th e  samples f rom  th e  p a s te u r iz e d  m i l k  ta n k  have 
a mean t o t a l  c o lo n y  co u n t  o f  abo u t 1 .09 x 10*  ^ p e r  ml g iv e n  th e  same 
c o n d i t io n s  r e f e r r e d  to  above.
A f t e r  v a r io u s  p e r io d s  o f  s to ra g e  a t  5 C, p a s te u r iz e d  m i l k  packaged ^
i n  th e  SSC showed h ig h e r  p s y c h r o t r o p h ic ,  l i p o l y t i c ,  p r o t e o l y t i c  and 
—• cs rsu s  counts than  th o se  o f  p a s te u r iz e d  m i l k  packaged i n  g la s s  
b o t t l e s .
D a i r i e s  A and B
The p o s t - p a s t e u r i z a t i o n  c o n ta m in a t io n  i n  th e  SSC packag ing  system was 
s i m i l a r  i n  b o th  d a i r i e s .  However, th e  mean o f  the  t o t a l  c o lo n y  
c o u n t  o f  SSC samples from  d a i r y  B-was lo w e r than  t h a t  f rom  d a i r y  A ,
The r e s u l t s  o f  th e  t o t a l  c o lo n y  co un t o f  p a s te u r iz e d  m i lk s  i n  g la s s  
b o t t l e s  o b ta in e d  f ro m  d a i r y  A were v e ry  much h ig h e r  compared w i t h  those  
o b ta in e d  from  d a i r y  B (T ab le  3 :5 3 ] ,  T h is  f a c t  i n d i c a t e s  the  im p o r ta n ce  
o f  c le a n in g  and s a n i t a t i o n '  i n  th e  d a i r i e s  and th e  e f f e c t  o f  these  
t re a tm e n ts  i n  p ro d u c in g  m i l k  o f  good o r  poor m ic r o b io lo g i c a l  q u a l i t y .
Graph 3 :15  shows th e  v a r i a t i o n s  o f  th e  t o t a l  c o lo n y  c o u n t ,  o f  samples
o f  p a s te u r iz e d  m i lk s  o b ta in e d  f ro m  d a i r i e s  A and 8, w i t h  s to ra g e
t im e .  The g raphs  i n d i c a t e  t h a t  th e re  was l i t t l e  d i f f e r e n c e  i n  th e  
b a c t e r i o l o g i c a l  q u a l i t y  o f  SSC samples o b ta in e d  from  th e  two d a i r i e s .
The co un ts  o f  B_. ce reus  were lo w e r i n  samples take n  f ro m  d a i r y  B tha n
those  from  d a i r y  A. C o l i f o r m  b a c te r ia  were absen t a t  1 ml i n  a l l  th e
samples from  the  p a s te u r iz e d  m i l k  ta n k s  a t  bo th  d a i r i e s .
The r e s u l t s  in d ic a te d  good h y g ie n ic  c o n d i t io n s  i n  d a i r y  B compared w i t h  those  
i n  d a i r y  A. The mean o f  the  t o t a l  c o lo n y  coun t o b ta in e d  from  th e  p a s te u r iz e d
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m i l k  ta n k  i n  d a i r y  B showed h ig h e r  l e v e l  than  t h a t  o b ta in e d  i n  d a i r y  
A [T a b le  3 :5 3 ] ,  T h is  was due to  a h ig h e r  l e v e l  o f  s p o re fo rm in g
b a c t e r ia  i n  th e  raw m i l k  w h ich  was used i n  d a i r y  B.
I t  i s  e v id e n t  f ro m  th e  s i x  t r i a l s  a t  d a i r y  A and th r e e  t r i a l s  a t
d a i r y  B t h a t  th e  q u a l i t y  o f  th e  p a s te u r iz e d  m i l k  i s  dependent on
s e v e ra l  f a c t o r s  o f  w h ich  th e  p o s t  p a s t e u r i z a t i o n  c o n ta m in a t io n  i s  
the  most im p o r ta n t  where m i l k  i s  under s to ra g e  a t  5°C,
The h ig h e s t  co u n t  i n  m i l k  ta ke n  from  th e  p a s te u r iz e d  m i l k  ta n k  a t  bo th  
d a i r i e s  and s to re d  a t  5°C f o r  6 days was le s s  than  16,000 p e r  m l.
The s e r io u s  e f f e c t  o f  c o n ta m in a t io n  a f t e r  t h i s  s tag e  i n  th e  p rocess 
i s  d em ons tra ted .
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CONCLUSION
1. I t  i s  conc luded  from  the  s tud y  re p o r te d  i n  t h i s  c h a p te r  t h a t  the  
p o s t - p a s t e u r i z a t i o n  c o n ta m in a t io n  by p s y c h r o t ro p h ic  b a c te r ia  i s  th e  
most im p o r ta n t  b a c t e r i o l o g i c a l  p rob lem  i n  d e te rm in in g  th e  q u a l i t y  o f  
p a s te u r iz e d  m i lK .  T h is  c o n c lu s io n  i s  reached by com paring th e  r e s u l t s  
o f  v a r io u s  m ic r o b ia l  c o un ts  o b ta in e d  from  the  p a s te u r iz e d  m i l k  ta n k  
w i t h  those  o b ta in e d  f rom  m i l k  packaged i n  g la s s  b o t t l e s  and s i n g l e ­
s e r v ic e  c o n ta in e r s .
2. M ic r o b io lo g i c a l  q u a l i t y  o f  p a s te u r iz e d  m i l k  co u ld  be improved 
by the  a d o p t io n  o f  v ig o ro u s  h y g ie n ic  and s a n i t a r y  c o n d i t io n s  i n  the  
d a i r y  and by h o ld in g  th e  packaged m i l k  a t  o r  below 5°C d u r in g  t r a n s p o r t  
and i n  th e  supe rm arke t u n t i l  i t  reaches  the  consumer.
3. Exposure o f  th e  packaged m i l k  on th e  day o f  p ro c e s s in g ,  to  3 h o f  
c o n d i t io n s  o f  l i g h t  and te m p e ra tu re  s im u la t in g  th e  d o o rs te p  d e l i v e r y  
system d u r in g  w in t e r  t im e  had no e f f e c t  on the  m ic r o b io lo g i c a l  
q u a l i t y  o f  th e  p a s te u r iz e d  m i l k ,  b u t  th e r e  co u ld  be an e f f e c t  i n  
summer t im e  when te m p e ra tu re s  a re  h ig h e r .  F u r th e r  work r e q u i r e s  to  
be done i n  t h i s  f i e l d .
4 . The changes on s to ra g e  a t  5°C on th e  m ic r o b io lo g i c a l  q u a l i t y  o f  
p a s te u r iz e d  m i l k  packaged i n  SSC systems i n  th e  two d a i r i e s  was s im i l a r ,  
However th e re  was a s i g n i f i c a n t  d i f f e r e n c e  i n  th e  m ic r o b io lo g i c a l  
q u a l i t y  o f  m i l k  packaged i n  g la s s  b o t t l e s  a t  th e  two d a i r i e s .
5. Pseudomonas sp ec ies  were found to  be th e  p re d o m in a t in g  o rgan ism s 
c o n ta m in a t in g  the  p a s te u r iz e d  m i l k  a f t e r  p ro c e s s in g  when random 
samples o f  m ic ro -o rg a n is m s  were s e le c te d  and i d e n t i f i e d .
6. There was a h ig h ly  s i g n i f i c a n t  c o r r e l a t i o n  between the  v a r io u s  
m ic r o b ia l  t e s t s  used to  assess the  m ic r o b io lo g i c a l  q u a l i t y  o f  
p a s te u r iz e d  m i l k .
76
7. The m ic r o b io lo g i c a l  q u a l i t y  o f  p a s te u r iz e d  m i l k  p r i o r  to  packag ing  
a t  each o f  th e  d a i r i e s  was o f  a h ig h  s tan d a rd  and c o l i f o r m  b a c te r ia  
were a bsen t i n  1 ml q u a n t i t i e s  a f t e r  6 days o f  s to ra g e  a t  5°C.
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CHAPTER FOUR
A COMPARISON OF THE CHEMICAL QUALITY OF PASTEURIZED MILK 
PACKAGED IN GLASS BOTTLES AND SINGLE-SERVICE CONTAINERS
INTRODUCTION
M ilK  i s  an im p o r ta n t  i te m  i n  o u r  fo o d .  I t  c o n ta in s  p r o t e in s ,  f a t ,
c a rb o h y d ra te s ,  m in e ra ls  and v i t a m in s .  The c o n d i t io n s  o f  these
c o n s t i t u e n t s  co u ld  be a f f e c t e d  by many f a c t o r s ,  e .g .  p ro c e s s in g ,  
h a n d l in g ,  s to ra g e ,  packag ing  m a t e r ia l s ,  m ic ro -o rg a n is m s  and enzymes. 
The changes in  th e  f a t  e .g .  a re  due to  th e  a c t io n  o f  th e  n a tu r a l  and 
m ic r o b ia l  enzymes in  m i l k .  T h is  a c t i o n  a f f e c t s  th e  q u a l i t y  o f  th e  
m i l k  due to  th e  p ro d u c t io n  o f  r a n c i d i t y .
V i ta m in s  i n  th e  m i l k  p a r t i c u l a r l y  v i t a m in  C a re  s e n s i t i v e  to  h ea t,  
l i g h t  e t c .  The l i g h t  and oxygen a re  im p o r ta n t  f a c t o r s  a f f e c t i n g  
t h i s  v i t a m in .
The aim o f  t h i s  work i s  to  s t u d y : -
■ t i ]  th e  e f f e c t  o f  exposure  o f  v i t a m in  C , , i n  p a s te u r iz e d  m i l k ,  
packaged i n  g la s s  b o t t l e s  and s i n g le - s e r v i c e  c o n ta in e r s ,  to  3 h 
o f  l i g h t  and. te m p e ra tu re  c o n d i t io n s  s im u la t in g  d o o rs te p  d e l i v e r y ,
C i i ]  th e  change in  th e  a c id  degree v a lu e  CADV] i n  p a s te u r iz e d  
m i lk -  packaged in  bo th  ty p e s  o f  c o n ta in e r s  r e f e r r e d  to  above,
C i i i ]  th e  changes i n  th e  d is s o lv e d  oxygen c o n te n t  o f  p a s te u r iz e d  
m i l k  packaged in  b o th  ty p e s  o f  c o n ta in e r ,
T i t r a t a b l e  a c i d i t y ,  pH and phosphatase  were measured as c o n t r o l  t e s t s  
i n  th e  e xp e r im e n ts .
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EXPERIMENTAL
1. T rea tm en t o f  th e  samples
Two hundred ml o f  each sample were used f o r  th e  chem ica l a n a ly s is
■described i n  c h a p te r  t h r e e  [E x p e r im e n ta l ,  D a i r y  A, 3 b ] ,
S even ty  m l from  each sample were poured  i n t o  a c o n ic a l  f l a s K  w i t h  a 
g la s s  s to p p e r  and used to  measure th e  d is s o lv e d  oxygen c o n te n t .  
Twenty and f o r t y  ml were used f o r  th e  d e te rm in a t io n  o f  t i t r a t a b l e  
a c i d i t y  and th e  pH r e s p e c t i v e l y .  S i x t y  ml from  each sample were
used f o r  th e  d e te rm in a t io n  o f  a c id  degree va lu e  CADV], The
re m a in in g  m i l k  f rom  each d u p l i c a t e  sample were mixed and ke p t i n  a 
f l a s k  covered  w i t h  b la c k  paper a t  5°C u n t i l  th e  f o l l o w in g  day when 
th e  v i t a m in  C c o n te n t  was measured.
2. Chemica l a n a ly s is
Two samples o f  p a s te u r iz e d  m i l k  packaged in  g la s s  b o t t l e s  and s i n g le ­
s e r v ic e  c o n ta in e r s ,a s  d e s c r ib e d  i n  c h a p te r  th r e e  [E x p e r im e n ta l ,
D a iry  A ] ,  were te s te d  on th e  day o f  p ro c e s s in g  and a f t e r  2, 4 and 6 
days o f  s to ra g e  a t  5°C f o r  a c id  degree va lu e  [ADV], d is s o lv e d  
oxygen c o n te n t ,  pH and t i t r a t a b l e  a c i d i t y  us ing  th e  methods d e s c r ib e d  
i n  c h a p te r  one [ s e c t io n  2 :1 ,  2 :2 ,  2 :3  and 2 : 6 ] ,  The phosphatase 
t e s t  was made on th e  samples on th e  day o f  p ro c e s s in g  u s in g  th e  
method d e s c r ib e d  i n  c h a p te r  one [ s e c t io n  2 : 4 ] ,  V i ta m in  C was 
d e te rm in e d  a f t e r  1, 3 and 7 days o f  s to ra g e  a t  5°C u s in g  th e  method 
d e s c r ib e d  i n  c h a p te r  one [ s e c t io n  2 : 5 ] .
The t e s t  f o r  v i t a m in  C was made on 4 t r i a l s  o n ly  [numbers 3, 4, 5 and 
6] because o f  d i f f i c u l t i e s  w i t h  th e  method.
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RESULTS
1, T i t r a t a b l e  a c i d i t y
The r e s u l t s  o f  measurements o f  th e  t i t r a t a b l e  a c i d i t y  a re  p re sen ted  i n  
Tab les  4 :1 ,  4 :2 ,  4 :3  and 4 :4  a f t e r  m i l k  was he ld  under s to ra g e  a t  5°C 
There was a s i g n i f i c a n t  d i f f e r e n c e  Cat 0 .1 ,  1 and 0.1 p e r  c e n t  l e v e l  
r e s p e c t i v e l y ]  between th e  t r i a l s  i n  th e  t i t r a t a b l e  a c i d i t y  o f  
samples te s te d  on th e  day o f  p ro c e s s in g  and a f t e r  2 and 4 days o f
s to ra g e  a t  5°C. However, th e re  was no s i g n i f i c a n t  d i f f e r e n c e  between
the  t r i a l s  in  t i t r a t a b l e  a c i d i t y  o f  m i l k  a f t e r  6 days o f  s to ra g e  a t  
5°C.
In  r e l a t i o n  t o  th e  t i t r a t a b l e  a c i d i t i e s  o f  m i l k s  packaged i n  d i f f e r e n t  
c o n ta in e r s  th e  d i f f e r e n c e  appeared on th e  f o u r t h  day o f  s to ra g e .
The m i l k  samples f ro m  th e  g la s s  b o t t l e s  showed h ig h e r  a c i d i t i e s  Cp < 0 .1 ]
than  th e  m i l k  samples packaged i n  SSC,
There was no s i g n i f i c a n t  d i f f e r e n c e  i n  t i t r a t a b l e  a c i d i t y  o f  th e  samples 
exposed f o r  3 h t o  l i g h t  and te m p e ra tu re  c o n d i t io n s  s im u la t in g  the
d o o rs te p  d e l i v e r y  system and th e  samples which were n o t  exposed to  th e
above m en tioned c o n d i t i o n s .
The v a r i a t i o n  i n  th e  t i t r a t a b l e  a c i d i t y  w i t h  th e  s to ra g e  t im e  a t  5°C 
a re  shown i n  Graph 4 :1 ,  I t  i s  c le a r  t h a t  th e re  was a s m a l l  but 
d e f i n i t e  decrease in  t i t r a t a b l e  a c i d i t y  i n  a l l  samples a f t e r  the  
f o u r t h  day o f  s to ra g e .
The maximum t i t r a t a b l e  a c i d i t y  found  th ro u g h  th e  expe r im en t was 0.157
p e r  c e n t  l a c t i c  a c id  and th e  minimum was 0,140 p e r  c e n t .
2. pH
The r e s u l t s  o f  t e s t  f o r  th e  pH v a lu e  a re  p re se n ted  i n  T ab les  4 :5 ,  4 :6 ,
4 :7  and 4 :8  a f t e r  0, 2, 4 and 6 days o f  s to ra g e  a t  5°C r e s p e c t i v e l y .
There was a s i g n i f i c a n t  d i f f e r e n c e  C0.1 p e r  ce n t  l e v e l ]  i n  th e  pH 
l e v e l s  o f  samples taken  i n  the  s i x  t r i a l s  on each day o f  th e  s to ra g e  
when the  VR was compared w i t h  F -v a lu e  i n  th e  s t a t i s t i c a l  t a b le s .
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TABLE 4 :1
The t i t r a t a b l e  a c i d i t y  [p e r  cen t l a c t i c  a c id )  o f  samples o f  
p a s te u r iz e d  m i l k  packaged in  g la s s  b o t t l e s  and s in g le - s e r v i c e  
c o n ta in e r s  on th e  day o f  p ro c e s s in g .
No. Sample
o f
t r i a l G lassb o t t l e SSC Mean
1 0.1500 0.1450 0.1475
2 0..1450. 0,1450 0.1450
3 0.1425 0.1400 0.1412
4 0.1550 0.1575 0,1562
5 0.1525 0.1500 0,1512
6 0.1550 0,1550 0.1550
Mean 0.1500 0.1487 0.1493
OF MS ^
T r i a l 5 0.000136875 4 3 .80*
Sample 1 0.000009375 3 .00
T r i a l  sample 5 0,000006875 2 .20
R e s id u a l 12 0.000003125
T o ta l 23 0.000033288
Table T r i a l Sample T r i a l  sample
REP 4 12 2
BED 0.0012 0.0007 0.0017
* s i g n i f i c a n t a t  5 p e r ce n t  l e v e l
* * IF / |  IF
* * * " 0.1 "
TABLE 4 :2
The t i t r a t a b l e  a c i d i t y  (p e r  ce n t l a c t i c  a c id ]  o f  s a m p le s ,o f  
p a s te u r iz e d  m i l k  packaged in  g la s s  b o t t l e s  and s in g le  s e rv ic e  
c o n ta in e r s  a f t e r  2 days o f  s to ra g e  a t  5 C in  d a rk n e s s ,  and in  
l i g h t  and te m p e ra tu re  c o n d i t io n s  s im u la t in g  th e  doo rs te p
d e l i v e r y  system
No. Sample
u r
t r i a l
+
Glass-E-- G lass-N- SSC-EL s s c - r f Mean
1 0.1500 0.1500 0.1500 0.1500 0.1500
2 0.1500 0.1475 0.1475 0.1500 0.1487
3 • 0 .1475 0.1475 0.1500 0.1500 0.1487
4 0.1500 0.1500 0.1500 0.1500 0.1500
5 0,1500 0.1500 0.1450 0.1450 0.1475
6 0.1500 0.1500 0.1525 0.1500 0.1506
Mean 0.1495 0.1491 0.1491 0.1491
0.1493 0.1491
O v e ra l l . mean 0.1492
DF_ MS
T r i a l 5 0.000010521
* * 
4 .04
Sample 1 0.000000521 0.20
Exposed 1 0.000000521 0.20
T r i a l  sample. 5 0.000013021 5.00
T r i a l  exposed 5 0.000000521 0.20
Sample exposed 1 0,000000521 0 .20
T r i a l  sample exposed 5 0.000003021 1 .16
R e s id u a l 24 0.000002604
T o ta l 47 0.000004244
T able T r i a l  Sample Sample exposed T r i a l  sample exposed
REP 
3 ED





*  *  *  
+E ■
N ■
s i g n i f i c a n t  a t  5 p e r  ce n t  l e v e l
I I  ) f  / |  I f  w  I f
II ” G 1 "
exposed to  l i g h t  and te m p e ra tu re  c o n d i t io n s  s im u la t in g  d o o rs te p  
d e l i v e r y  system f o r  3 h
no t exposed to  l i g h t  and te m p e ra tu re  c o n d i t io n s  s im u la t in g  d o o rs te p  
d e l i v e r y  system.
TABLE 4 :3
The t i t r a t a b l e  a c i d i t y  [p e r  c e n t  l a c t i c  a c id ]  o f  samples o f  
p a s te u r iz e d  m i l k  packaged in  g la s s  b o t t l e s  and s in g le  s e rv ic e  
c o n ta in e r s  a f t e r  4 days o f  s to ra g e  a t  5°C i n  darkness  and in  
l i g h t  c o n d i t io n s  s im u la t in g  th e  d o o rs te p  d e l i v e r y  system.
No. Sample
o f
t r i a l G lass-E G lass-N SSC-E SSC-N Mean
1 0.1500 0.1525 0.1450 0.1450 0,1481
2 0.1475 0.1450 0.1500 0.1450 0.1468
3 0.1500 0,1500 0,1500 0.1500 0.1500
4 0,1500 0,1500 0.1500 0.1500 0 .15 00
5 0,1550 0.1525 0.1500 0,1500 0.1518
6 0.1475 0.1475 0.1450 0,1475 0.1468
Mean 0.1500 0,1483 0,1499 0.1475
0.1497 0.1481
O v e ra l l . mean 0, 1489
9L MS VR






Exposed 1 0.000002083 0.66
T r i a l  sample 5 0.000015833 5.06
T r i a l  exposed 5 0,000007063 2 .26
Sample exposed 1 0.000000000 0 .00
T r i a l  sample exposed 5 0.000002500 0.80
R e s id u a l 24 0.000003125
T o ta l 47 0.000008466
Tab le T r i a l  Sample Sample exposed T r i a l  sample exposed
REP 8 24 12 2
SED 0.0008 0.0005 0.0007 0. 0017
*
* *
*  *  *
s i g n i f i c a n t  a t  5 p e r  c e n t  l e v e l
r r  I I  I I  ( I H
II ” 0 1  ”  ”  ”
TABLE 4 :4
The t i t r a t a b l e  a c i d i t y  [p e r  c e n t  o f  l a c t i c  a c id ]  o f  samples 
o f  p a s te u r iz e d  m i l k  packaged i n  g la s s  b o t t l e s  and s in g le  
s e r v ic e  c o n ta in e r s  a f t e r  B days o f  s to ra g e  a t  5°C and in  
l i g h t  and te m p e ra tu re  c o n d i t io n s  s im u la t in g  th e  d o o rs te p
d e l i v e r y  system
No,
o f
t r i a l
Sample
G lass-E G lass-N SSC-E SSC-N Mean
1 0.1450 0.1450 0.1450 0,1500 0.1462
2 0.1450 0.1475 0.1475 0.1425 0.1456
3 0.1450 0.1500 0.1475 0.1450 0.1468'
4 0.1450 0.1475 0.1450 0 .1450 0.1456
5 0.1450 0.1475 0.1475 0.1450 0,1462
6 0.1450 0 ,1400 0.1475 0.1450 0.1443
Mean 0.1450. 0.1462 0.1466 0.1454
0.1456 0.1460
O v e r a l l  mean 0. 1458
DF VR
T r i a l 5 0.000005833 1 ,40
Sample 1 0.000002083 0 .50
Exposed 1 0.000000000 0.00
T r i a l  sample 5 0.000009583 2 ,30
T r i a l  exposed 5 0.000001000 2.40
Sample exposed 1 0.000018750 4 .50
T r i a l  sample exposed 5 0.000013750 3 .30
R e s id u a l 24 0.000004167
T o ta l 47 0.000006738













*  *  *
s i g n i f i c a n t  a t  5 p e r  c e n t  l e v e l
f f  U  ^  II  I f  II
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The pH va lu e  o f  samples o f  p a s te u r iz e d  m i l k  packaged in  
g lass, b o t t l e s  and s in g le  s e r v ic e  c o n ta in e r s  on th e  day
o f  p ro c e s s in g
No. Sample
o f
t r i a l Glassb o t t l e SSC Mean
1 S .550 6.615 6.582
2 6.645 6.650 6.647
3 8.575 6.585 6.580
4 6.555 6.540 6.547
5 6.675 6,685 6.680
6 6.690 6. 690 6.690
Mean 6.615 6.627 6.621
DF 1 ^  ^
H* Hî Hs
T r i a l 5 0,01400746 305.60
* * *
Samp1e 1 0.00093753 20.45
* * *
T r i a l  sample 5 0.00074750 16.30
R e s id u a l 12 0.00004583
T o ta l 23 0.00327227
Tab le T r i a l Sample T r i a l  sample
REP 4 12 2
SED 0.0047 0.0027 0.0067
* s i g n i f i c a n t a t  5 p e r ce n t l e v e l
* * )t / j  n n M
% He " 0.1 " )F If
TABLE 4 :6
The pH v a lu e  o f  samples o f  p a s te u r iz e d  m i l k  packaged in  g la s s  
b o t t l e s  and s i n g le - s e r v i c e  c o n ta in e r s  a f t e r  2 days o f  s to ra g e  
a t.  5PC i n  d a rkn e ss ,  and in  l i g h t  and te m p e ra tu re  c o n d i t io n s  
s im u la t in g  th e  d o o rs te p  d e l i v e r y  system.
No.
o f
t r i a l
Sample































Mean 6.668 6 .670 6. 689 6.870
6,669 6. 67 0
O v e r a l l  mean 6, 669
DF MS VR
T r i a l 5 0.03636318
* * * 
484 .83
Sample 1 0.00000833 0.11
Exposed 





0 .44  
* * *  
13.64
T r i a l  exposed 5 0.00009833 1.31
Sample exposed 1 0,00000000 0. 00
T r i a l  sample exposed 5 0.00018500 2.467
R e s id u a l 24 0.00007500
T o ta l 47 0.00404661
Tab le  T r i a l  Sample Sample exposed T r i a l  sample exposed






* s i g n i f i c a n t  a t  5 p e r
*  * n }t  ^ II cen t le v e l
* * *  I I  (» g   ^ I»
TABLE 4 :7
The pH v a lu e  o f  samples o f  p a s te u r iz e d  m i l k  packaged in  g la s s  
b o t t l e s  and s in g le - s e r v i c e  c o n ta in e r s  a f t e r  4 days o f  s to ra g e
a t  5 °C in  d a rkn e ss ,  and in  l i g h t  and te m p e ra tu re  c o n d i t io n s
s im u la t in g  ■the  d o o rs te p  d e l i v e r y
No. , Sample
t r i a l  G lass -E G lass-N SSC-E SSC-N Mean
1 6 .550 6.565 6.535 6.565 6. 555
2 6.575 6.580 6.555 6.520 6.557
3 6,530 6.540 6. 570 6. 585 6.556
4 6.556 6.585 6.610 6.645 6.597
5 6.860 6.705 6.715 6.715 6.703





O v e r a l l  mean 6. 618
DF VR
T r i a l 5 0.0555398





Exposed 1 0.0010083 7.80
T r i a l  sample 5 0,0028033
* * * 
21.70
T r i a l  exposed ■ 5 0.0007033
* * 
5 .44
Sample exposed 1 0.0000083 0 .06 .
T r i a l  sample exposed 5 0.0003533 2 .73
R e s id u a l 24 0.0001292
T o ta l 47 0.0064367











*  *  *
s i g n i f i c a n t  a t  5 p e r  c e n t  l e v e l
II  II  I f  I I  II
II If  g  If  II  II
TABLE 4 :8
The pH v a lu e  o f  samples o f  p a s te u r iz e d  m i l k  packaged in  g la s s  
b o t t l e s  and s in g le - s e r v i c e  c o n ta in e r s  a f t e r  8 days o f  s to ra g e  
a t  5°C in  d a rkne ss ,  and in  l i g h t  and te m p e ra tu re  c o n d i t io n s  
s im u la t in g  th e  d o o rs te p  d e l i v e r y  system .
No. Sample
t r i a l  G lass-E G lass-N SSC-E SSC-N Mean
1 6,630 6.625 6.635 6.625 6.628
2 6 .600 6.590 6.620 6.600 6.602
3 6 .650 6.600 6.615 6.615 6.620
4 6,570 6.555 6.615 6.585 6.581
5 6 .685 6.690 6,730 6.715 6.705
6 6 .675 6.685 6.720 6.725 6.701
Mean 6.635 6.624 6.655 6.644
6.629 6.650
O v e r a l l  mean 6. 639
DF MB VR
T r i a l  
Sample 
Exposed 









* * *  
133.25 
* * * 
31.18 
* * 
9 .46  
* * 
5 .65
T r i a l  exposed 5 0.0002938 1 .83
Sample exposed 1 0.0000D2T. 0.01
T r i a l  sample exposed 5 0.0003271 2.03
R e s id u a l 24 0.0001604
T o ta l 47 0.0026574
T ab le  T r i a l  Sample Sample exposed T r i a l  sample exposed
REP a 24 12 2 '




s i g n i f i c a n t  a t  5 p e r  c e n t  l e v e l
ti  It I» II It
It ” 0 1  ”  ”  ”
The d i f f e r e n c e  i n  th e  pH o f  th e  samples on th e  day o f  p ro c e s s in g  and 
a f t e r  4 and 6 days o f  s to ra g e  a t  5°C was s i g n i f i c a n t  [ 0 .1 ,  1 and 0,1 
p e r  ce n t  l e v e l  r e s p e c t i v e l y 3. However, th e re  was no s i g n i f i c a n t  
d i f f e r e n c e  a f t e r  2 days o f  s to ra g e .
The m i l k  i n  g la s s  b o t t l e s  showed a lo w e r  pH than  th e  samples i n  SSC. 
Exposure to  l i g h t  and te m p e ra tu re  c o n d i t io n s  s im u la t in g  th e  d o o rs te p  
d e l i v e r y  system f o r  3 h a f f e c t e d  th e  pH v a lu e  a f t e r  4 and 6 days f rom  
th e  p ro c e s s in g  t im e .  The pH v a lu e  o f  m i l k  i n  g la s s  b o t t l e s  s to re d  
i n  darkness  was h ig h e r  Cp < 0 .5 ]  than  t h a t  o f  samples exposed to  
s im u la te d  d o o rs te p  d e l i v e r y  c o n d i t i o n s .
;
The h ig h e s t  re a d in g  i n  th e  pH v a lu e  o f  a l l  th e  samples was 6 .760  and 
th e  lo w e s t  was 6 .5 2 0 . T h is  means t h a t  th e re  was no s i g n i f i c a n t  
change i n  th e  pH v a lu e  w h ich  m ig h t  a f f e c t  th e  chem ica l q u a l i t y  o f  
p a s te u r iz e d  m i l k  i n  th e  two d i f f e r e n t  packag ing  system s,
3, D is s o lv e d  oxygen c o n te n t
The r e s u l t s  o f  d e te rm in a t io n s  o f  th e  d is s o lv e d  oxygen c o n te n t  a re  
p re se n te d  i n  Tab les  4 :9 ,  4 :1 0 ,  4 :11 and 4 :1 2 .  There was s i g n i f i c a n t  
d i f f e r e n c e  Cat 0 .1 p e r  c e n t  l e v e l ]  between the  d is s o lv e d  oxygen c o n te n t  
o f  samples taken  i n  th e  s i x  t r i a l s  on th e  day o f  p ro c e s s in g  and a f t e r  
2 and 4 days o f  s to ra g e  a t  5°C and a t  5 p e r  ce n t  l e v e l  i n  the  samples 
s to re d  f o r  6 days.
The d is s o lv e d  oxygen c o n te n t  o f  m i l k  packaged i n  s i n g le - s e r v i c e  
c o n ta in e r s  was s i g n i f i c a n t l y  h ig h e r  Cp < 0 ,0 0 1 ]  than  t h a t  o f  m i l k  
packaged i n  g la s s  b o t t l e s  on th e  day o f  p ro c e s s in g  and a f t e r  2, 4 and 
6 days o f  s to ra g e  a t  5°C.
A n e g a t iv e  c o r r e l a t i o n  was found  between the  lo g ^  o f  th e  t o t a l  c o lo n y  
co u n t  and th e  d is s o lv e d  oxygen c o n te n t  i n  the  samples o f  m i l k  i n  
g la s s  b o t t l e s .  T h is  c o r r e l a t i o n  c o e f f i c i e n t  was s i g n i f i c a n t  a t  0.1 
p e r  c e n t  l e v e l  Cr = 0 .8 0 9 2 ] ,  The re g re s s io n  e q u a t io n  was found to  
be: -
Oxygen Cppm] = 13.86373 -  0.51118 x lo g ^  o f  t o t a l  c o lo n y  c o u n t .
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TABLE 4 :9
The d is s o lv e d  oxygen contentCppm] o f  samples o f  p a s te u r iz e d
m i l k  packaged in g la s s b a t t l e s  and s in g le - s e r v i c e c o n ta in e r s
on th e  day o f  p ro c e s s in g
No. Sample
o f
t r i a l G lassb o t t l e SSC Mean
1 9.125 9. 580 9.352
2 9.715 9. 590 9.652
3 9.780 10. 015 9.897
4 8.715 10. 195 9.455
5 10,050 10. 240 10.145
B 9.515 10. 315 9.915
Mean 9.483 9. 989 9.736
DF MS VR
T r i a l 5 0.36673
* * * 
11.34
Sample 1 1.53520
* *  * 
47.51
T r i a l  sample 5 0,32183
* * * 
9 .96
R e s id u a l  . 12 0.03231
T o ta l 23 0.23329
Tab le  T r i a l Sample T r i a l  sample
REP 4 12 2
SED 0. 1271 0.0734 0.1798
*
* *
s i g n i f i c a n t  a t  5 p e r  ce n t  l e v e l
>1 1» / j  TI II ) |
*  *  *  »  W Q  ^  W
TABLE 4 :1 0
The d is s o lv e d  oxygen c o n te n t  Cppm] o f  samples o f  p a s te u r iz e d  
m i l k  packaged i n  g la s s  b o t t l e s  and s in g le - s e r v i c e  c o n ta in e r s  
a f t e r  2 days o f  s to ra g e  a t  i n  d a rkness ,  and in  l i g h t  and 
te m p e ra tu re  c o n d i t io n s  s im u la t in g  th e  d o o rs te p  d e l i v e r y  system.
No, Samp1e
o f
t r i a l G lass -E G lass-N SSC-E SSC-N Mean
1 8.950 8.915 9.255 9.220 9.085
2 9.040 9.610 10.550 10.240 9.860
3 8.715 8.595 10.325 10,335-1 9.492
4 8.655 9.910 11.620 11.415 10.400
5 9.415 9 .700 10.730 10.855 10.175







O v e r a l l  mean 9.832
DF MS VR






* * * 
22.90 
* * * 
231.52
Exposed 





3 .32  
* * * 
11 .05
T r i a l  exposed 5 0.08847 1.11
Sample exposed 1 0.61653 7 .76
T r i a l  sample exposed 5 0.18379 2.31
R e s id u a l 24 0.07937
T o ta l 47 0.76601
Table T r i a l  Sample Sample exposed T r i a l  sample exposed
REP
SED




* s i g n i f i c a n t  a t  5 p e r  cen t l e v e l
* *
*  *  *
1 " 
0. 1  ”
TABLE 4 :11
The d is s o lv e d  oxygen c o n te n t  Cppm3 o f  samples o f  p a s te u r iz e d  
m i l k  packaged i n  g la s s  b o t t l e s  and s in g le - s e r v i c e  c o n ta in e r s  
a f t e r  4 days o f  s to ra g e  a t  5°C i n  d a rkne ss , and in  l i g h t  and 
te m p e ra tu re  c o n d i t io n s  s im u la t in g  th e  d oo rs tep  d e l i v e r y  system
No.
o f
t r i a l
Sample
Glass--E G lass-•N SSC-E SSC-N Mean
1 7.700 7.730 9.170 9.160 8,440
2 6.710 9 ,345 10.645 10.665 9.841
3 6,810 7 .025 10.780 10.560 8.794
4 7.180 8 .410 9.225 9.675 8 .622  '
5 7 .055 9.430 10.620 10.615 9.430
B 7.600 7.575 10.510 10.560 9.061
Mean























* * *  
26.13
T r i a l  sample 5 1.65016
* * * 
22.98
T r i a l  exposed 5 0.51169
* **  
7 .1 2
Sample exposed 1 1.45255
* * * 
20.23
T r i a l  sample exposed 5 0.39424 5.49
R e s id u a l





Table T r i a l  Sample Sample exposed T r i a l  sample exposed
REP a 24 12 2
SED 0.1340 0 .07 73 0 .1094 .0.2679
* s i g n i f i c a n t  a t  5 p e r ce n t l e v e l
*  *
*  *  *
TABLE 4 :1 2
The d is s o lv e d  o.xygen c o n te n t  Cppm] o f  samples o f  p a s te u r iz e d  
m i l k  packaged i n  g la s s  b o t t l e s  and s in g le - s e r v i c e  c o n ta in e r s  
a f t e r  6 days o f  s to ra g e  a t  5°C in  darkness and i n  l i g h t  and 
te m p e ra tu re  c o n d i t io n s  s im u la t in g  th e  d o o rs te p  d e l i v e r y  system
No. Sample
o f
t r i a l G lass-E G lass-N SSC-E SSC-N Mean
1 6.580 6.220 9.710 10,100 8.150
2 6.390 7.410 11.540 11.240 9.140
3 6.650 6.360 9,390 10.190 8.150
4 7.120 5.980 10,250 10.110 8.370
5 5.100 4 .850 10.000 9,990 7.490
6 6.370 4.470 9.640 8.230 7 ,180
Mean 6.370 5.880 10.09 9 .98
6.130 10.030
' O v e ra l l ,  mean 8.080
OF MS VR
T r i a l 5 3 .819 2 .68
Sample 1 183.262
* * * 
128.74
Exposed 1 1.083 0 .76
T r i a l  sample . 5 0.939 0.66
T r i a l  exposed 5 1.131 0.79
Sample exposed 1 0.428 0.30
T r i a l  sample exposed 5 0.396 0.27
R e s id u a l 24 1.423
T o ta l 47 5.327
T ab le T r i a l  Sample Sample exposed T r i a l  sample exposed
REP a 24 12 2
SED 0.5970 0.3440. 0 .4870 1.1930
*
* *
s i g n i f i c a n t  a t  5 p e r  c e n t  l e v e l» II , II II II
H» Hi ,1 " 0 .1 " . II II
Oxygen content (PPM)
M M -
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T h is  n e g a t iv e  c o r r e l a t i o n  i s  p re s e n te d  i n  Graph 4 :3 .  There was no 
c o r r e l a t i o n  between th e  oxygen c o n te n t  and th e  t o t a l  c o lo n y  coun t in  
th e  samples o f  SSC,
The v a r i a t i o n s  in  th e  oxygen c o n te n t  d u r in g  the  d i f f e r e n t  p e r io d s  o f  
s to ra g e  a re  i l l u s t r a t e d  i n  Graph 4 :2 .  There was a decrease  i n  th e  
oxygen c o n te n t  o f  th e  samples o f  m i l k  i n  g la s s  b o t t l e s  d u r in g  th e  
s to ra g e  t im e .  However, i n  the  case o f  samples o f  m i l k  i n  SSC th e re  
was a s l i g h t  in c re a s e  i n  d is s o lv e d  oxygen l e v e l  a f t e r  2 days o f  
s to ra g e .
The range o f  th e  d is s o lv e d  oxygen c o n te n t  was 4 .47 to  10.05 ppm i n  th e  
samples o f  m i l k  in  g la s s  b o t t l e s ,  d u r in g  th e  p e r io d  o f  s to ra g e ,  w h i le  
i t  ranged from  8 .23  to  11 .62  ppm i n  th e  samples o f  m i l k  in  s in g le  
s e r v ic e  c o n ta in e r s .
4. A c id  degree v a lu e  CADV]
The r e s u l t s  o f  th e  t e s t s  f o r  ADV a re  p re sen ted  in  Tab les  4 :1 3 ,  4 :1 4 ,
4 :15  and 4 :1 6 ,  There was a s i n g n i f i c a n t  d i f f e r e n c e  between the  t r i a l s  
[5 p e r  c e n t  l e v e l ]  i n  th e  a c id  degree v a lu e s  o f  m i lk s  te s te d  on the  day 
o f  p ro c e s s in g .  A f t e r  th e  m i l k s  had been he ld  f o r  4 and 6 days a t  
5°C th e  ADV o f  m i lk s  packaged i n  g la s s  b a t t l e s  were s i g n i f i c a n t l y  h ig h e r  
Cp < 0 ,0 0 1 }  than  those  o f  m i l k  packaged i n  SSC. Exposure to  
s im u la te d  d o o rs te p  d e l i v e r y  c o n d i t i o n s  f o r  3 h on th e  2nd, 4 th  and 6 th
day a f t e r  p ro c e s s in g  had no s i g n i f i c a n t  e f f e c t  on ADV le v e l s .
The ADVs showed a c o r r e l a t i o n  c o e f f i c i e n t  0 .5 7 ,  0 .56 and 0 .53  w i t h  the  
lo g  o f  th e  t o t a l  c o lo n y  c o u n t ,  p s y c h r o t ro p h ic  coun t and l i p o l y t i c  
co un t r e s p e c t i v e l y .
The v a r i a t i o n s  i n  th e  ADV d u r in g  th e  p e r io d s  o f  s to ra g e  a re  
i l l u s t r a t e d  i n  Graph 4 :3 .  There i s  an in c re a s e  i n  th e  ADV d u r in g  the  
s to ra g e  t im e  in  m i l k  packaged i n  bo th  type s  o f  c o n ta in e r .
The range o f  th e  ADV in  th e  samples o f  m i l k  i n  g la s s  b o t t l e s  was 0.795
to  1.630 pe r c e n t ,  w h i l e . i n  th e  samples o f  SCC i t  was 0 .775 to  1 .520
p e r  c e n t .
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TABLE 4 :1 3
The a c id  degree v a lu e  CADV] o f  samples o f  p a s te u r iz e d  m i l k  
packaged in  g la s s  b o t t l e s  and s in g le  s e rv ic e  c o n ta in e r s  on
th e  day o f  p ro c e s s in g
No.
o f
t r i a l
Sample
Glass
b o t t l e
•
SSC Mean
1 0.805 0.775 0.790
2 0.815 0.825 0.820
3 0.795 0.785 0.790
4 0.800 0.865 0.832
5 0.965 0.830 0.897
6 0.995 0.950 0.972
Mean 0.862 0,838 0.850
DF . MS VR
*
T r i a l 5 0.020534 4 .9 4
Sample 1 0.003504 0 ,84
T r i a l  sample 5 0.004414 1 .06
R e s id u a l 12 0.004154
T o ta l 23 0.007743
Table T r i a l Sample T r i a l  sample
REP 4 12 2
SED 0.0456 0, 0263 0.0645
* s i g n i f i c a n t  a t  5 p e r ce n t l e v e l
* * 1
* * * " 0. 1 "
TABLE 4 :1 4
The a c id  degree v a lu e  CADV}.of samples o f  p a s te u r iz e d  m i l k  
packaged i n  g la s s  b a t t l e s  and s in g le - s e r v i c e  c o n ta in e r s  
a f t e r  2 days o f  s to ra g e  a t  5°C i n  darkness and i n  l i g h t  and 
te m p e ra tu re  c o n d i t io n s  s im u la t in g  th e  d o o rs te p  d e l i v e r y  system
No.
o f
t r i a l
Sample
G lass-E G lass-N SSC-E SSC-N Mean
1 0 .895 0,960 0.815 0.835 0.876
2 0.875 0.820 0.830 0.855 0.845
3 0.930 0.905 1.035 1.040 0.977
4 0.960 0.940 0.960 0.975 0.959
5 1.230 1.305 1.345 1.1.20 1.250







O v e ra l l , mean 1.015
OF MS VR
T r i a l 5 0.216273
* * * 
33.66
Sample 1 0.001408 0,21
Exposed 1 0.000675 0.10
T r i a l  sample 5 0.011743 1.82
T r i a l  exposed 5 0.003060 0.47
Sample exposed 1 0.007008 1.09
T r i a l  sample exposed 5 0.009463 1.47
R e s id u a l 24 0.006425
T o ta l 47 0.029064











s i g n i f i c a n t  a t  5 p e r  c e n t  le v e l
I f  If  / j  II  J l  II
II ” 0 1  ”  ”  ”
TABLE 4 :1 5
The a c id  degree v a lu e  CADV) o f  samples o f  p a s te u r iz e d  m i l k  
packaged i n  g la s s  b o t t l e s  and s i n g le - s e r v i c e  c o n ta in e r s  
a f t e r  4 days o f  s to ra g e  a t  5°C i n  d a rkne ss ,  and i n  l i g h t  




t r i a l
Sample
G lass-E G lass-N SSC-E SSC-N Mean
1 1.025 1.035 0.970 0.945 0.994
2 1.000 0.935 0,950 0.935 0.955
3 1.245 1.195 1.100 0.110 1 .1 6 2 i
4 1.160 1.170 0,980 1.050 1.090
5 1.460 1.425 1.320 1.205 1 .352





O v e r a l l  mean 1.146
9L MS VR










Exposed 1 0.00007 0.00
T r i a l  sample 5 0.00788 0 .77
T r i a l  exposed 5 0.00676 0.66
Sample exposed 1 0.01141 1.12
T r i a l  sample exposecI 5 0.01751 1.72
R e s id u a l 24 0.01013
T o ta l 47 0.03594












s i g n i f i c a n t  a t  5 p e r  c e n t  l e v e l
II ) l  II  II  II
II II Q  ' / j  II  II  II
TABLE 4 :1 6
The a c id  degree va lu e  CADV) o f  samples o f  p a s te u r iz e d  m i l k  
packaged i n  g la s s  b o t t l e s  and s in g le - s e r v i c e  c o n ta in e r s  
a f t e r  6 days o f  s to ra g e  a t  5°C i n  da rkness , and i n  l i g h t  




t r i a l
Sample
G lass-E G lass-N SSC-E SSC-N Mean
1 1.210 1.150 1.125 1,080 1.141
2 1.125 1.200 1.265 1.215 1.201
3 1.330 1.305 1.150 1.205 1.247
4 1.125 1.245 0.990 1.110 1.117
5 1.630 1.620 1.295 1.520 1.516







O v e r a l l  mean 1 .286
OF MS VR






* * * 
113.91 
* * * 
59.44
Exposed 
T r i a l  sample 







3 .33  




Sample exposed 1 






R e s id u a l 24 0.002173
T o ta l 47 0.034615
T able T r i a l  Sample Sample exposed T r i a l  sample exposed
REP
SED
8 24 12 





*  *  *
s i g n i f i c a n t  a t  5 p e r  c e n t  l e v e l
I» J f  »  J l  I I
» ” Q i  " »
Acid degree value (ADV) per cent


















5, Phosphatase t e s t
None o f  th e  samples wh ich  were te s te d  f o r  phosphatase f a i l e d .  T h is  
means t h a t  th e  te m p e ra tu re  o f  p a s t e u r i z a t i o n  was s u f f i c i e n t  to  d e s t ro y  
th e  phosphatase  enzymes i n  th e  m i l k  and no re c o n ta m in a t io n  w i t h  raw 
m i l k  had o c c u r re d .
6. V i ta m in  C c o n te n t  [A s c o rb ic  and D ehyd roasco rb ic  A c id ]
The r e s u l t s  o f  a s c o r b ic  and d e h y d ro a s c o rb ic  a c id  a re  p re se n te d  i n  
Tab les  4 :1 7 ,  4 :1 8 ,  4 :19  and 4 :2 0 .  The r e s u l t s  o f  d e te rm in a t io n s  o f  
a s c o r b ic  a c id  i n  p a s te u r iz e d  m i l k  a f t e r  1 day o f  c o ld  s to ra g e  showed 
t h a t  th e re  was no s i g n i f i c a n t  d i f f e r e n c e  i n  a s c o rb ic  a c id  l e v e l  
between th e  t r i a l s  o r  between th e  m i l k  w h ich  was packaged i n  g la s s  
b o t t l e s  and SSC [T a b le  4 :1 7 ] ,
B u t,  a f t e r  3 and 7 days o f  c o ld  s to ra g e  th e re  were h ig h ly  s i g n i f i c a n t  
changes i n  th e  a s c o r b ic  a c id  c o n te n t  o f  m i l k s ,  Tab ie  4 :18  shows a 
s i g n i f i c a n t  [1 p e r  c e n t ]  d i f f e r e n c e  i n  th e  a s c o rb ic  a c id  l e v e l  o f  
samples i n  d i f f e r e n t  t r i a l s .  The m i l k  i n  g la s s  b o t t l e s  kep t in  
darkness d u r in g  s to ra g e  c o n ta in e d  a h ig h e r  a s c o rb ic  a c id  c o n te n t  
Cp < 0 . 0 1 } than  m i lk s  exposed to  the  l i g h t  and te m p e ra tu re  c o n d i t io n s  
s im u la t in g  th e  d o o rs te p  d e l i v e r y  system a f t e r  3 days o f  s to ra g e .  
However, th e re  was no s i g n i f i c a n t  d i f f e r e n c e  i n  a s c o r b ic  a c id  l e v e l  o f  
samples o f  m i l k  i n  s i n g le - s e r v i c e  c o n ta in e r s  kept i n  darkness and 
su b je c te d  to  s im u la te d  d o o rs te p  d e l i v e r y .
A f t e r  7 days o f  s to ra g e  th e re  was no d if fe rence  ' i n  the
a s c o rb ic  a c id  le v e l s  o f  a l l  samples.
The e f f e c t  o f  exposure to  d a y - l i g h t  c o n d i t io n s  was d e te c te d  i n  th e  
samples o f  m i l k  in  g la s s  b o t t l e s  a f t e r  3 days o f  s to ra g e  when a lo s s  
o f 40 .8  p e r  ce n t o f  th e  a s c o r b ic  a c id  c o n te n t  was re c o rd e d .
A f t e r  7 days o f  s to ra g e  th e re  was no a s c o rb ic  a c id  p re s e n t  i n  any o f  
the  samples.
The e f f e c t  o f  th e  s to ra g e  and exposure  i n t e r a c t i o n  showed a s i g n i f i c a n t
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d i f f e r e n c e  a t  5 per c e n t  l e v e l .
The d e g ra d a t io n  i n  th e  a s c o r b ic  a c id  d u r in g  the  p e r io d  o f  s to ra g e  o f  
the  m i l k  i n  th e  two ty p e s  o f  c o n ta in e r  i s  i l l u s t r a t e d  i n  Graph 4:5 
where the  d i f f e r e n c e s  r e f e r r e d  to  above a re  seen.
The r e s u l t s  p re sen ted  i n  Tab le  4 :19  show a d i f f e r e n c e  CO.119 mg/100 ml 
o f  m i l k ]  between th e  d e h y d ro a s c o rb ic  a p id  c o n te n t  o f  m i l k  in  g la s s  
b o t t l e s  and SSC, T h is  may be due to  an o x id a t io n  r e a c t i o n  a f f e c t i n g  
the  a s c o r b ic  a c id  i n  th e  g la s s  b o t t l e  more than  t h a t  i n  th e  SSC 
samples.
There was a d i f f e r e n c e  between th e  f o u r  t r i a l s  i n  th e  d e h y d ro a s c o rb ic  
a c id  c o n te n t  o f  a l l  m i l k s .  I t  was n o t  s i g n i f i c a n t  however a f t e r  1 
day o f  s to ra g e ,  b u t  was s i g n i f i c a n t  a t  1 pe r ce n t l e v e l  a f t e r  s to ra g e  
f o r  3 days.
The d e h y d ro a s c o rb ic  a c id  c o n te n t  decreased to  zero  i n  m i l k  packaged i n  
g la s s  b o t t l e s  i r r e s p e c t i v e  o f  exposure  o r  non-exposure  to  s im u la te d  
d o o rs te p  d e l i v e r y  c o n d i t i o n s ,  but. i n  th e  case o f  m i l k  i n  SSC some 
d e h y d ro a s c o rb ic  a c id  was d e te c ta b le  a f t e r  7 days.
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TABLE 4 :1 7
The a s c o rb ic  a c id  c o n te n t  (mg/100 ml m i l k )  o f  
p a s te u r iz e d  m i l k  packaged in  g la s s  b o t t l e s  and 
a f t e r  1 day o f  s to ra g e  a t  5°C.






Sample A s c o rb ic  a c id  (mg/100 ml m i l k )
G lass b o t t l e  1 .23
SSC 1.72
OF MS VR
T r i a l  3 0.2851 0 ,82
Sample 1 0.4901 1 .42
R e s id u a l  3 0 .3443
T o ta l  7 0.3398
Tab le  T r i a l ' Sample
REP 2 4
SED 0.5870 0.4150
TABLE 4 :1 8
T h e .a s c o rb ic  a c id  c o n te n t  (mg/100 ml m i l k )  o f  samples o f  
p a s te u r iz e d  m i l k  packaged i n  g la s s  b o t t l e s  and s i n g le -  . 
s e rv ic e  c o n ta in e r s  a f t e r  3 and 7 days o f  s to ra g e  a t  5°C 
i n  darkness  and i n  l i g h t  and te m p e ra tu re  c o n d i t io n s  
s im u la t in g  th e  d o o rs te p  d e l i v e r y  system .
Sample
G lass -E G lass-N SSC-E SSC-N
A f t e r 3 days 0 .474 0 .802 1. 084 1.131
A f t e r 7 days 0.044 0.113 0. 141 0.047
SED =; 0 .0405














*  * * 
1010.10 
* * * 
95,96
Exposed 






*  * * 
154.22
T r i a l  sample 






* *  
84.17
T r i a l  exposed 3 0,006645 1 .35
S to rage  exposed 1 0.079900 16,30
Sample exposed 1 0.098901 20.18
T r i a l  s to ra g e  sample 3 0,091274 18.62
T r i a l  s to ra g e  exposed 3 0.000905 0.18
T r i a l  sample exposed 3 0.009289 1.89
S to rage  sample exposed 1 0.006992 1 ,42
R e s id ua l 3 0,004900
T o ta l 31 0.343568
*
* *
s i g n i f i c a n t  a t  5 p e r  cen t
»» n  / |  S I
l e v e l
* * * " 0,1 "
mg/100 ml milk
o o

















TABLE 4 :1 9
The d e h y d ro a s c o rb ic  a c id  c o n te n t  [mg/100 ml m i l k ]  o f  
samples o f  p a s te u r iz e d  m i l k  packaged in  g la s s  b o t t l e s  
and s in g le - s e r v i c e  c o n ta in e r s  a f t e r  1 day o f  s to ra g e
a t  5°C






Sample D e h yd ro a sco rb ic  a c id  [mg/100 ml m i l k ]
G lass b o t t l e 0.411
SSC 0.292
OF MS VR
T r i a l 3 0.14240 6.55
Samp le 1 0.02856 1 .31
R s s id u a l 3 0.02174
T o ta l 7 0,07442
Table T r i a l Sample
REP 2 4
SED 0.1474 0.1043
TABLE 4 :2 0
The d e h y d ro a s c o rb ic  a c id  c o n te n t  [mg/100 m l]  o f  samples o f  
p a s te u r iz e d  m i l k  packaged i n  g la s s  b o t t l e s  and s in g le  s e rv ic e  
c o n ta in e r s  a f t e r  3 and 7 days o f  s to ra g e  a t  5°C i n  darkness 
and i n  l i g h t  and te m p e ra tu re  c o n d i t io n s  s im u la t in g  th e  d o o r ­
s tep  d e l i v e r y  system
Sample
G lass-E G lass -N SSC-E SSC-N
A f t e r 3 days 0.281 0.357 0.315 0.257
A f t e r 7 days 0.075 0.081 0.126 0.220
SED = 0.0652
DF MS VR
T r i a l 3 0.269984 34.60
S to rage 1 0.250455 32.10
Sample 1 0,007719 0.98
Exposed 1 0.006992 0.89
T r i a l  s to ra g e 3 0.007074 0.90
T r i a l  sample 3 0.006397 0.82
S to rage  sample 1 0.032832 4 .20
T r i a l  exposed 3 0.010220 1.31
S to rage  exposed 1 0,003383 0 .4 3
Sample exposed 1 0.001093 0.14
T r i a l  s to ra g e  sample 3 0.005675 0 .72
T r i a l  s to ra g e  exposed 3 0.004765 0.61
T r i a l  sample exposed 3 0.013957 0.78
S torage  sample exposed 1 0.024476 3.13
R e s id u a l 3 0.007802
T o ta l 31 0.042083
* s i g n i f i c a n t  a t  5 p e r  ce n t le v e l
* * f t  19 / j  I I  I I













1. T i t r a t a b l e  a c i d i t y  ■
From th e  r e s u l t s  shown i n  T a b les  4 :1 ,  4 :2 ,  4 :3  and 4 :4 ,  i t  i s  c le a r
t h a t  t h e r e  was no o bv iou s  change in  th e  t i t r a t a b l e  a c i d i t y  o f
p a s te u r iz e d  m i l k  packaged in  g la s s  b o t t l e s  and SSC. T h is  i s  due to
th e  f a c t  t h a t  th e  te m p e ra tu re  o f  p a s t e u r i z a t i o n  k i l l s  most o f  th e
l a c t i c  a c id  o rgan ism s excep t a few  s p e c ie s  o f  th e rm o d u r ic  s t r e p t o c o c c i  
wh ich  a re  t h e r m o p h i l i c  and grow v e ry  s lo w ly  i n  m i l k  s to re d  a t  5°C,
The d i f f e r e n c e  between th e  t r i a l s  was s i g n i f i c a n t  on th e  day o f  
p ro c e s s in g  Cp < 0 .0 0 1 ]  and a f t e r  2 days Cp < 0 ,0 1 ]  and 4 days Cp < 0 .0 0 1 ]  
o f  s to ra g e  a t  5°C. But t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  a f t e r  6 
days o f  s to ra g e .  These d i f f e r e n c e s  between th e  t r i a l s  were due t o  th e  
d i f f e r e n c e s  i n  th e  n a t u r a l  c o m p o s i t io n  o f  th e  m i l k  d u r in g  th e  p e r io d  
o f  s tu d y .
There was no s i g n i f i c a n t  d i f f e r e n c e  in  th e  t i t r a t a b l e  a c i d i t y  o f  m i l k  
packaged in  d i f f e r e n t  c o n ta in e r s  exposed t o  l i g h t  and te m p e ra tu re  
c o n d i t io n s  s im u la t in g  d o o rs te p  d e l i v e r y  system and th o se  w h ich  were 
s to re d  in  d a rkne ss .
The d i f f e r e n c e  i n  th e  t i t r a t a b l e  a c i d i t y  o f  m i l k  packaged in  d i f f e r e n t  
ty p e s  o f  c o n ta in e r s  was n o t s i g n i f i c a n t  d u r in g  th e  d i f f e r e n t  p e r io d s  
o f  s to ra g e  excep t a f t e r  4 days when t h e r e  was a s i g n i f i c a n t  d i f f e r e n c e  
a t  1 p e r  ce n t l e v e l .  On th e  4 th  day o f  s to ra g e  a t  5°C th e  m i l k  in
g la s s  b o t t l e s  showed th e  v e ry  s l i g h t  in c re a s e  o f  0 ,0016 p e r  ce n t  ove r
th e  m i l k  packaged in  SSC.
The r e s u l t s  o f  a l l  th e  t e s t s  f o r  t i t r a t a b l e  a c i d i t y  show t h a t  t h i s  
t e s t  i s  no t  an e f f e c t i v e  measure o f  th e  q u a l i t y  o f  p a s te u r iz e d  m i l k  
when th e  m i l k  i s  s to re d  be low  5°C because w h i le  th e  range  o f  
t i t r a t a b l e  a c i d i t y  i n  a l l  o f  th e  samples was o n ly  0 .1400 to  0.1575 
[p e r  ce n t l a c t i c  a c id ]  t h e r e  were h ig h  le v e ls  o f  b a c t e r i a l  g ro w th ,  
and o f f - f l a v o u r  had deve loped .
The s l i g h t  decrease i n  th e  t i t r a t a b l e  a c i d i t y  in  a l l  th e  samples a f t e r
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B days o f  s to ra g e  a t  5°C may be due to  th e  d i f f u s i o n  o f  th e  carbon 
d io x id e  i n  p a s te u r iz e d  m i l k .
2. pH
The r e s u l t s  o f  th e  pH v a lu e  w h ich  a re  p re se n te d  i n  Tab les  4 :5 ,  4 :B ,
4 :7  and 4 :8  show a h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  Cp < 0 .0 0 1 )  i n  th e  
pH v a lu e s  between th e  samples o f  th e  B t r i a l s  on th e  day o f  p ro c e s s in g  
and a f t e r  2, 4 and 6 days o f  s to ra g e  a t  5°C, T h is  d i f f e r e n c e  was 
r e la t e d  to  th e  d i f f e r e n t  c o m p o s i t io n  o f  th e  m i l k  d u r in g  th e  p e r io d  o f  
t e s t i n g .  I t  has been found  t h a t  Na, C l ,  Ca, Mg, la c to s e ,  t o t a l  N, 
n o n -c a s e in  n i t r o g e n  and c a se in  l e v e l s  a f f e c t  th e  pH v a lu e  o f  m i l k  
[Lu ck  and S m ith , 1975).
The pH o f  th e  p a s te u r iz e d  m i l k  packaged i n  g la s s  b o t t l e s  was s i g n i f i c a n t l y  
lo w e r  th a n  t h a t  o f  th e  same m i l k  packaged in  SSC excep t a f t e r  2 days o f  
s to ra g e  a t  5°C when th e re  was no s i g n i f i c a n t  d i f f e r e n c e .  From an 
e x a m in a t io n  o f  th e  mean o f  th e  r e s u l t s ,  i t  i s  c le a r  t h a t  th e  change in  
th e  pH v a lu e  d u r in g  th e  p e r io d  o f  s to ra g e  was v e ry  s m a l l .  T h is  l e v e l  
o f  change in  th e  pH does no t e f f e c t  th e  q u a l i t y  o f  p a s te u r iz e d  m i l k  
packaged by th e  two system s.
There was a s i g n i f i c a n t  d i f f e r e n c e  a f t e r  4 and B days o f  s to ra g e  a t  
5°C between th e  pH v a lu e  o f  samples w h ich  were exposed to  l i g h t  and 
te m p e ra tu re  c o n d i t io n s  s im u la t in g  d o o rs te p  d e l i v e r y  and th o se  wh ich  
were s to re d  in  d a rkn e ss .  T h is  d i f f e r e n c e  was no t due to  th e  exposure 
t r e a tm e n t ,  bu t  was p ro b a b ly  due t o  th e  v a r i a t i o n  i n  th e  pH l e v e l  o f  th e  
m i l k  in  d i f f e r e n t  t r i a l s .
The d i f f e r e n c e  between th e  h ig h e s t  and th e  lo w e s t  pH v a lu e  o f  a l l  
samples te s te d  was 0 .2 4 .  T h is  v e ry  sm a ll  change in d ic a t e s  t h a t  th e re  
was no a l t e r a t i o n  in  th e  a c i d i t y  l e v e l  due to  th e  m ic r o b io lo g i c a l  
c o n te n t  o f  th e  m i l k .
3. D is s o lv e d  oxygen c o n te n t
Oxygen i s  necessa ry  f o r  th e  g ro w th  o f  a e ro b ic  b a c t e r ia .  The d is s o lv e d
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oxygen i n  th e  m i l k  and t h a t  p re s e n t  i n  th e  head space o f  c o n ta in e r s  
may in c re a s e  th e  g row th  o f  th e  m ic ro -o rg a n is m s  p re s e n t ,  Schonborn e t . 
a l . C19753 found  t h a t  th e  b a c t e r i o l o g i c a l  q u a l i t y  o f  p a s te u r iz e d  m i l k  
packaged i n  c o n ta in e r s  w i t h  a head space was s i g n i f i c a n t l y  p o o re r  than  
t h a t  o f  m i l k  wh ich  was packaged in  c o n ta in e r s  w i th o u t  a head space.
From th e  r e s u l t s  o f  th e  d is s o lv e d  oxygen c o n te n t  e s t im a t io n s  w h ich  a re  
p re se n te d  i n  Tab les  4 :9 ,  4 :1 0 ,  4:11 and 4 :1 2 ,  i t  i s , c l e a r  t h a t  th e re  
was a h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  i n  th e  d is s o lv e d  oxygen c o n te n t  o f  
th e  samples f rom  th e  s i x  t r i a l s  on th e  day o f  p ro c e s s in g  Cp < 0 .0013 , 
a f t e r  2 days Cp < 0 ,0013 , a f t e r  4 days Cp < 0.0013 and a f t e r  6 days 
Cp < 0.53 o f  s to ra g e  a t  5°C. The d i f f e r e n c e s  between th e  t r i a l s  may ' 
be due to  d i f f e r e n t  amounts o f  oxygen in c o rp o ra te d  i n  th e  m i l k  a t  
th e  t im e  o f  p ro c e s s in g .
The d is s o lv e d  oxygen c o n te n t  o f  p a s te u r iz e d  m i l k  packaged in  SSC was 
s i g n i f i c a n t l y  h ig h e r  Cp < 0.0013 tha n  t h a t  o f  p a s te u r iz e d  m i l k  packaged 
in  g la s s  b o t t l e s  when te s te d  on th e  day o f  p ro c e s s in g  and a f t e r  2, 4 
and 6 days o f  s to ra g e  a t  5°C,
I t  i s  c le a r  from  g raph  4 :2  t h a t  t h e r e  was a decrease in  th e  d is s o lv e d  
oxygen c o n te n t  o f  th e  samples i n  g la s s  b o t t l e s  d u r in g  th e  s to ra g e .
T h is  decrease  was p ro b a b ly  due t o  th e  g row th  o f  th e  a e r o b i c  b a c te r ia  
w h ich  u t i l i z e  oxygen. No s i m i l a r  r e d u c t io n  i n  d is s o lv e d  oxygen 
c o n te n t  was found  w i t h  th e  m i l k  packaged in  SSC.
4. A c id  degree v a lu e  CADV3
ADV i s  d e f in e d  as th e  number o f  ml o f  1 N KOH re q u i r e d  to  n e u t r a l i z e  
th e  f r e e  f a t t y  a c id  p re s e n t  i n  100 g o f  f a t .  I t  i s  c o n s id e re d - to  be 
an i n d i c a t i o n  o f  r a n c i d i t y  i n  a d a i r y  p ro d u c t .
The r e s u l t s  o f  t h i s  s tu d y  showed t h a t  p a s te u r iz e d  m i l k  wh ich  was 
packaged in  g la s s  b o t t l e s  c o n ta in e d  a h ig h e r  l e v e l  o f  th e  ADV Cp < 0.0013 
a f t e r  4 and 6 days o f  s to ra g e  a t  5°C compared w i t h  th e  samples o f  th e  
same m i l k  packaged i n  SSC. T h is  m ig h t  have been due to  th e  a c t io n  o f  
th e  l a r g e r  numbers o f  b a c te r ia  o f  wh ich  th e  co lo ny  co un t showed a
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s i g n i f i c a n t  c o r r e l a t i o n  w i t h  th e  ADV Cr = 57, p < 0 .0013 .
There was no- s i g n i f i c a n t  d i f f e r e n c e  i n  th e  ADV le v e l s  o f  samples due 
t o  exposure  t r e a tm e n t  t o  th e  l i g h t  and te m p e ra tu re  c o n d i t i o n s  
s im u la t in g  th e  d oo rs te p  d e l i v e r y  system .
There was a s i g n i f i c a n t  d i f f e r e n c e  Cp < 0 .5  3 i n  ADV le v e l  between th e  
m i l k s  i n  th e  d i f f e r e n t  t r i a l s  on th e  day o f  p ro c e s s in g .  However, th e  
d i f f e r e n c e s  were h ig h ly  s i g n i f i c a n t  Cp < 0.0013 a f t e r  2, 4 and 6 days 
o f  s to ra g e  a t  5°C.
The c o r r e l a t i o n  c o e f f i c i e n t  between th e  ADV and th e  lo g ^  o f  th e  
l i p o l y t i c  c o u n t  was r  = 0 .56  Cp < 0 ,0 0 13 . T h is  r e s u l t  i n d ic a t e s  t h a t  
th e  o th e r  reason  f o r  th e  in c re a s e  i n  th e  ADV o f  m i l k  on s to ra g e  a t  5°C 
i s  th e  n a tu r a l  l i p a s e  enzymes w h ich  a re  p re s e n t  i n  m i l k .  M echan ica l 
o p e r a t io n  i n  m i l k  h a n d l in g  on the-ferm and i n  th e  d a i r y  may in c re a s e  th e  
ADV o f  m i l k  by d i s r u p t i n g  th e  f a t - g l o b u l e  membrane and so r e s u l t  i n  
th e  enzymes g a in in g  access t o  t h e  t r i g l y c e r i d e s  w h ich  a re  t h e r e a f t e r  
h y d ro ly z e d .  The s ta n d a rd  method f o r  th e  E xam in a t io n  o f  D a i r y  P ro d u c t ,  
APHA Cl9783 sugg es t t h a t  extrem e r a n c i d i t y  i s  e v id e n t  when m i l k  
c o n ta in s  > 1 . 5  o f  ADV. I n  t h i s  s tu d y ,  1 4 .2  p e r  c e n t  o f  p a s te u r iz e d  
m i l k  packaged i n  g la s s  b o t t l e s  exceeded t h i s  l e v e l ,  w h i le  o n ly  4 ,7  p e r  
c e n t  o f  m i l k s  i n  SSC exceeded t h i s  l e v e l .
5. V i ta m in  C C ascorb ic  and d e h y d ro a s c o rb ic  a c id  3
V i ta m in  C i s  one o f  th e  many v i t a m in s  p re s e n t  i n  m i l k .  I t  i s  p re s e n t  
i n  th e  m i l k  as a s c o r b ic  a c id  and d e h y d ro a s c o rb ic  a c id  bo th  o f  wh ich  a re  
b i o l o g i c a l l y  a c t i v e .  The lo s s  i n  t h i s  v i t a m in  c o u ld  o c c u r  d u r in g  
p ro c e s s in g  and s to ra g e .  L ig h t  i s  one o f  the  most im p o r ta n ce  f a c t o r s
a f f e c t i n g  t h i s  v i t a m in .  I t  i s  c l e a r  f rom  th e  r e s u l t s  shown in  Tab le
4 :18  t h a t  exposure  t o  l i g h t  and te m p e ra tu re  c o n d i t io n s  s im u la t in g  
d o o rs te p  d e l i v e r y  f o r  3 h b e fo re  s to ra g e  caused a 4 0 .8  p e r  c e n t  lo s s  
in  th e  a s c o r b ic  a c id  i n  p a s te u r iz e d  m i l k  w h ich  was packaged in  g la s s  
b o t t l e s ,  w h i le  th e  lo s s  i n  p a s te u r iz e d  m i l k  packaged by SSC, was 4 .1  
p e r  c e n t .  The o th e r  f a c t o r  found  to  a f f e c t  the  v i t a m in  C c o n te n t  i n
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p a s te u r iz e d  m i l k  was th e  s to ra g e  t im e .  I t  i s  known t h a t  re d u c to n s  
a re  formed d u r in g  s to ra g e  i n  th e  m i l k  and th e s e  c a t a l i z e .  th e  o x id a t io n  
r e a c t i o n  o f  v i t a m in  C i n  th e  m i l k .  I t  i s  appeard: f ro m  th e  
r e s u l t s  t h a t  th e re -w a s  a d i f f e r e n c e  i n  v i t a m in  C c o n te n t  i n  ' "• ' 
p a s te u r iz e d  m i l k  d u r in g  th e  p e r io d  o f  s tu d y ,  w h ich  was e x pe c ted , 
because o f  th e  change i n  th e  c o m p o s i t io n  o f  th e  m i l k  from  t im e  t o  t im e .  
The r e s u l t s  o f  th e  d e h y d ro a s c o rb ic  a c id  [T a b le  4 :1 9 }  showed t h a t  
p a s te u r iz e d  m i l k  i n  g la s s  b o t t l e s  gave a h ig h e r  re a d in g  than  t h a t  wh ich  
was packaged i n  SSC. B u t,  th e  d i f f e r e n c e  was n o t  s i g n i f i c a n t .  T h is  
means t h a t  a s c o r b ic  a c id  i n  th e  samples o f  m i l k  in  g la s s  b o t t l e s  changed 
more q u i c k ly  to  th e  d e h y d ro a s c o rb ic  a c id  fo rm  than  i n  th e  samples o f  
m i l k  in  th e  SSC. The o th e r  f a c t o r  w h ich  a f f e c te d  th e  c o n te n t  o f  th e  ' 
d e h y d ro a s c o rb ic  a c id  was th e  s to ra g e  t im e .  There was a decrease  in  
d e h y d ro a s c o rb ic  a c id  i n  a l l  th e  samples, b u t  th e  unexposed m i l k s  
packaged i n  SSC c o n ta in e d  a h ig h e r  amount o f  d e h y d ro a s c o rb ic  a c id  th a n  
th e  o th e r  m i lk s  a f t e r  7 days o f  s to ra g e .
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CONCLUSION
1. I n  t h i s  s tu d y ,  t h e . t i t r a t a b l e  a c i d i t y  and th e  pH were n o t  a f f e c te d  
a f t e r  6 days when th e  m i lK  was s to re d  a t  5°C. There was no 
s i g n i f i c a n t  d i f f e r e n c e  between th e  m i l k  wh ich  was packaged i n  g la s s  
b o t t l e s  and th e  SSC system . Exposure to  l i g h t  and te m p e ra tu re  
c o n d i t io n s  s im u la t in g  th e  d o o rs te p  d e l i v e r y  system had no e f f e c t  on 
th e  t i t r a t a b l e  a c i d i t y  and th e  pH.
2. The s tu d y  showed t h a t  th e  d is s o lv e d  oxygen c o n te n t  o f  p a s te u r iz e d  
m i l k  packaged i n  g la s s  b o t t l e s  decreased d u r in g  th e  p e r io d  o f  s to ra g e  
and had a n e g a t iv e  c o r r e l a t i o n  w i t h  th e  lo g ^  o f  t o t a l  c o lo n y  c o u n t .
I t  i s  i n t e r e s t i n g  t o  no te  t h a t  i n  th e  case o f  th e  p a s te u r iz e d  m i l k  
packaged i n  s in g le  s e r v ic e  c o n ta in e r s  th e  d is s o lv e d  oxygen c o n te n t  
a f t e r  6 days o f  s to ra g e  a t  5°C was a t  a s i m i l a r  le v e l  to  what i t  was 
on th e  day o f  p ro c e s s in g .  One may s p e c u la te  t h a t  i f  th e  a e ro b ic  
b a c t e r ia  p re s e n t  i n  th e  m i l k  used up th e  oxygen d u r in g  t h i s  p e r io d  
the n  th e  oxygen l e v e l  was m a in ta in e d  by th e  d i f f u s i o n  o f  oxygen from  
th e  atmosphere th ro u g h  th e  package. The package d id  not c o n ta in  a 
la y e r  o f  a lum in ium  f o i l .
F u r th e r  work i s  r e q u i r e d  to  f i n d  th e  e f f e c t  o f  d i f f e r e n t  l e v e l s  o f  
d is s o lv e d  oxygen i n  th e  m i l k  on th e  g ro w th  o f  th e  o rgan ism s and 
s h e l f  l i f e  o f  p rocessed  m i l k s .
3. I t  i s  conc luded  t h a t  p a s te u r iz e d  m i l k  packaged in  g la s s  b o t t l e s  
gave h ig h e r  a c id  degree v a lu e s  a f t e r  4 and S days o f  s to ra g e  a t  5°C 
than  th e  same p a s te u r iz e d  m i l k  packaged i n  th e  SSC system . Exposure 
to  l i g h t  and te m p e ra tu re  c o n d i t io n s  s im u la t in g  th e  d o o rs te p  d e l i v e r y  
system had no s i g n i f i c a n t  e f f e c t  on a c id  degree v a lu e s ,
4. I t  i s  c le a r  t h a t  th e  e f f e c t  o f  exposure  o f  p a s te u r iz e d  m i l k  
packaged i n  g la s s  b o t t l e s  t o  l i g h t  and te m p e ra tu re  c o n d i t io n s  s im u la t in g
th e  d oo rs te p  d e l i v e r y  system b ro ug h t abou t a decrease  o f  4 0 , B p e r  ce n t  
i n  th e  a s c o r b ic  a c id  c o n te n t  a f t e r  3 days o f  s to ra g e  a t  5°C compared tc 
th e  l e v e l  o f  a s c o r b ic  a c id  i n  m i l k  packaged i n  g la s s  b o t t l e s  w h ich  was
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not exposed. However, th e re  was no s i g n i f i c a n t  d i f f e r e n c e  i n  th e  
a s c o r b ic  a c id  l e v e l s  o f  th e  same m i l k  i n  e i t h e r  exposed o r  unexposed 
in  s in g le  s e r v ic e  c o n ta in e r s .  P a s te u r iz e d  m i l k  packaged i n  th e  SSC 
system c o n ta in  more a s c o r b ic  a c id  a f t e r  3 days o f  s to ra g e  a t  5°C than  
t h a t  wh ich  was packaged i n  g la s s  b o t t l e s .  The lo s s  i n  th e  a s c o r b ic  




QUALITY ASSESSMENT OF PASTEURIZED MILK PACKAGED 
IN GLASS BOTTLES AND SINGLE-SERVICE. CONTAINERS.
INTRODUCTION
The q u a l i t y  o f  p a s te u r iz e d  m i l k  i s  th e  most im p o r ta n t  f a c t o r  a f f e c t i n g  
th e  a c c e p t a b i l i t y  o f  p a s te u r iz e d  m i l k  t o  th e  consumers. Consumers do 
no t pay too  much a t t e n t i o n  to  th e  b a c t e r i a l  co un t as long  as th e re  i s  
no e f f e c t  on p u b l i c  h e a l t h .  The q u a l i t y  o f  p a s te u r iz e d  m i l k  can be 
assessed f o r  appearance , odour and f l a v o u r .
Appearance o f  th e  m i l k  i s  u s u a l ly  c h a lk - w h i t e .  But t h i s  co u ld  be 
a f f e c t e d  by th e  p h y s i c a l ,  c h em ica l and m ic r o b ia l  changes i n  th e  m i l k  
d u r in g  p ro c e s s in g  and s to ra g e .  Appearance o f  the  m i l k  i s  an im p o r ta n t  
f a c t o r  f rom  th e  consumer p o i n t  o f  v ie w  so t h a t  any d e fe c t  i n  the  
appearance o f  the  m i l k  w i l l  a f f e c t  i t s  q u a l i t y .
The odour t e s t  i s  an e x c e l le n t  g u id e  f o r  ju d g in g  th e  a c c e p t a b i l i t y  o f  
p a s te u r iz e d  m i l k .  Odours c o u ld  be p re s e n t  i n  th e  p a s te u r iz e d  m i l k  
due to  fe e d in g  s t u f f s ,  r a n c i d i t y ,  p ro d u c ts  o f  b a c t e r i a l  g ro w th  and 
a b s o r p t io n  a f t e r  the  m i l k  i s  p roduced .
F la v o u r  i s  the  most im p o r ta n t  f a c t o r  i n  assess ing  th e  q u a l i t y  o f  
p a s te u r iz e d  m i l k .  Johnson C1979] r e p o r te d  t h a t  th e r e  a re  many ty p e s  
o f  f l a v o u r s  wh ich  can be found  i n  p rocessed  m i l k s  and each i s  caused 
by d i f f e r e n t  s e ts  o f  c i rc u m s ta n c e s  i n  th e  p ro d u c t io n  o r  s to ra g e  
[T a b le  5 :1 } .
The e f f e c t  o f  l i g h t  on f l a v o u r  has been in v e s t i g a te d  by many w o rk e rs .  
They found  t h a t  the  i n t e n s i t y  o f  th e  l i g h t  and th e  wave le n g th  a re  
r e la t e d  to  the  deve lopm ent o f  o f f - f l a v o u r s  [ S t u l l ,  1954; Sm ith  and 
MacLeod, 1955).
M i l k  i s  co n s id e re d  to  be im p o r ta n t  i n  o u r  food  s u p p ly .  The lo s s  i n  
th e  o r g a n o le p t ic  q u a l i t y  i s  a s e r io u s  prob lem  from  th e  consumer p o in t
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TABLE 5 :1
C a te g o r ie s  o f  o f f - f l a v o u r s  i n  m i l k  summarized by Johnson [1979]
Causes D e s c r ip t i v e  o r  a s s o c ia t i v e  te rm s
Heat Cooked, c a ra m e l iz e d ,  heated and sco rched .
L ig h t  induced L ig h t ,  s u n l i g h t  and a c t i v a t e d .
L ip o ly z e d R anc id , b u t y r i c ,  b i t t e r * ,  and g oa t  f l a v o u r .
M ic r o b ia l A c id ,  b i t t e r * ,  f r u i t y ,  m a l ty ,  p u t r i d  and 
u n c le a n .
O x id ize d Papery, ca rd b o a rd ,  m e t a l l i c ,  o i l y  and f i s h y .
T ra n s m it te d Feed, weedy, cowy and b y re .
M is c e l la n e o u s Absorbed, a s t r i n g e n t ,  b i t t e r * ,  c h a lk y ,  c h e m ic a l ,  
f a t ,  f o r e i g n ,  la c k s  f re s h n e s s  and s a l t y .
* B i t t e r  f l a v o u r  may a r i s e  from  a number o f  d i f f e r e n t  causes.
o f  v ie w . The deve lopm ent i n  th e  packag ing  in d u s t r y  and th e  use o f  
many d i f f e r e n t  packag ing  systems f o r  p a s te u r iz e d  m i l k  c o u ld  a f f e c t  
m i l k  q u a l i t y .  T h is  s tu d y  was u nd e rtaken  to  assess th e  e f f e c t  o f  
the  f o l l o w in g  f a c t o r s  on th e  q u a l i t y  o f  p a s te u r iz e d  m i l k : -
[ i ] th e  e f f e c t  o f  two d i f f e r e n t  c o n ta in e r s  and r e la t e d
packag ing  systems on th e  q u a l i t y  o f  p a s te u r iz e d  m i l k ,
C i i ]  the  e f f e c t  o f  th e  exposure  f o r  3 h to  l i g h t  and te m p e ra tu re
c o n d i t io n s  s im u la t in g  d o o rs te p  d e l i v e r y  system ,
C i i i ]  th e  e f f e c t  o f  th e  s to ra g e  f o r  0, 2 and 6 days a t  5°C.
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EXPERIMENTAL
1. Q u a l i t y  assessm en t:
The d i f f e r e n c e s  i n  th e  appearance , odou r and f l a v o u r  were assessed f o r  
each sample o f  m i l k  u s ing  a hedon ic  s c a le .  T h is  s c a le  c o n ta in e d  
e ig h t  c a te g o r ie s  o f  response  d e f in e d  as f o l l o w s : - I
8. l i k e  extremely*;
7. l i k e  v e ry  much;
6. l i k e  m o d e ra te ly ;
5. l i k e  s l i g h t l y ;
4. d i s l i k e  s l i g h t l y ;
3. d i s l i k e  m o d e ra te ly ;
2. d i s l i k e  ve ry  much and
1, d i s l i k e  e x t re m e ly .
The i n t e n s i t y  o f  any f l a v o u r  d e fe c t  w h ich  th e  pane l c o u ld  f i n d  was 
assessed u s in g  a f o u r  p o i n t  s c a l e : -
1. v e ry  s l i g h t ;
2. s l i g h t ;
3. d i s t i n c t  and
4. p ronounced.
2. S e le c t in g  th e  samples f o r  q u a l i t y  assessment
The samples f o r  the  q u a l i t y  assessment were used o n ly  f ro m  sources 
C i i ]  and C i i i ]  as d e s c r ib e d  i n  c h a p te r  th re e  (E x p e r im e n ta l ,  D a i r y  A,
3 c ] .
The q u a l i t y  assessment was made on th e  day o f  p ro c e s s in g  and a f t e r  2 
and 6 days o f  s to ra g e  a t  5°C.
3. The t a s t e  p ane l
The t a s t e  pane l was chosen from  th e  members o f  the  s t a f f  o f  the  
Departm ent o f  D a i r y  Techno logy , The West o f  S co t la n d  A g r i c u l t u r a l  
C o l le g e ,  A y r ,  who have g o o d . e x p e r ie n c e  i n  g ra d in g  m i l k  and m i l k  p ro d u c ts ,
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4 . .  P r e s e n t a t i o n  o f  th e  sam p les  f o r  t e s t i n g
The samples o f  m i l k  were heated to  17°C and ke p t a t  t h i s  te m p e ra tu re  
f o r  3 h and f i l l e d  i n t o  50 ml beakers  u s ing  th e  same p ro cedu re  
d e s c r ib e d  by Schonborn e t .  a l .  C1975], Each sample was o f fe r e d  to  




The mean o f  th e  sco re s  g iv e n  by th e  t a s t e  pane l f o r  the  appearance o f  
p a s te u r iz e d  m i l k  packaged i n  g la s s  b o t t l e s  and s in g le  s e r v ic e  c o n ta in e r s  
and examined on th e  day o f  p ro c e s s in g  and a f t e r  2 and 6 days o f  s to ra g e  
a t  5°C a re  p re sen ted  i n  T ab les  5 :2 ,  5 :3  and 5 :4 .
The mean o f  the  sco res  show t h a t  on th e  day o f  p ro c e s s in g  th e re  was 
no d i f f e r e n c e  i n  th e  appearance between the  p a s te u r iz e d  m i l k  packaged 
i n  g la s s  b o t t l e s  and t h a t  w h ich  was packaged i n  SSC. However, a 
h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  Co.1 p e r  c e n t  l e v e l ]  was found  i n  th e  ' 
appearance sco res  awarded i n  d i f f e r e n t  t r i a l s .  The d i f f e r e n c e  
between th e  ju d g e s  i n  t h e i r  g rade  sco res  f o r  appearance was s i g n i f i c a n t  
a t  5 p e r  c e n t  l e v e l  (T a b le  5 : l ] .
A f t e r  2 days o f  s to ra g e  a t  5°C the  mean o f  th e  sco res  showed t h a t  th e re  
was no s i g n i f i c a n t  d i f f e r e n c e  i n  th e  appearance between th e  m i l k s  
packaged i n  the  two packag ing  sys tem s. The sco re s ,  however, showed 
a h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  (0 .1  p e r  c e n t  l e v e l ]  between t r i a l s .  
Scores awarded by i n d i v i d u a l  members o f  th e  pane l d i f f e r e d  a t  th e  
same s i g n i f i c a n t  l e v e l .  Samples o f  p a s te u r iz e d  m i l k  i n  bo th  typ e s  o f  
packages w h ich  were exposed f o r  3 h on th e  day o f  p ro c e s s in g  to  l i g h t  
and te m p e ra tu re  c o n d i t io n s  s im u la t in g  th e  doo rs te p  d e l i v e r y  system 
had a h ig h e r  s ig n i f i c a n c e  than  th e  smples wh ich  were n o t  exposed to  th e  
same c o n d i t io n s .
A f t e r  6 days o f  s to ra g e  a t  5°C th e  r e s u l t s  showed t h a t  th e re  was no 
s i g n i f i c a n t  d i f f e r e n c e  i n  sco res  g iv e n  to  the  d i f f e r e n t  samples o f  
p a s te u r iz e d  m i l k .  A h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  i n  sco res  was found  
between th e  t r i a l s  and between the  ju d g e s .  Samples i n  bo th  type s  o f  
packages and w h ich  were n o t exposed to  th e  s im u la te d  d o o rs te p  d e l i v e r y  
c o n d i t io n s  had sco res  s i g n i f i c a n t l y  h ig h e r  (5 pe r c e n t  l e v e l ]  than  the  
samples w h ich  were exposed.
The v a r i a t i o n s  o f  th e  sco res  g iv e n  f o r  the  appearance o f  the  m i l k s  on
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TABLE 5 :2
Means o f  th e  sco res  g iv e n  by a p ane l C4 ju d g e s ]  f o r  th e  
appearance o f  p a s te u r iz e d  m i l k  packaged in  g la s s  b o t t l e s  
and s i n g le - s e r v i c e  c o n ta in e r s  on th e  day o f  p ro c e s s in g .
No. o f  t r i a l
Sample
G lass b o t t l e SSC
1 B.25 6 .62
2 6 .83 6 .87
3 6 .62 7 ,25
4 6.75 7 .00
5 6 .89 6.98
6 5.99 4 .60
Mean 6.55 6.55
OF MS VR
T r i a l 5 6.6611
* * *  
25.37
Judges 3 0.8618 3.28
Sample
T r i a l  ju d g e s  







0 .00  
* * 
3.41 
* * * 
7 .69
Judges sample 3 
T r i a l  ju d g e s  sample 11
0.2686
0.6800
1 .02  
* * 
2 .59
R e s id u a l 40
T o ta l 79
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Means o f  th e  sco res  g iv e n  by a pan e l C4 ju d g e s )  f o r  th e  
appearance o f  p a s te u r iz e d  m i l k  packaged i n  g la s s  b o t t l e s  
and s in g le - s e r v i c e  c o n ta in e r s  a f t e r  2 days o f  s to ra g e  a t  
5°C i n  darkness CN3 and in  l i g h t  and te m p e ra tu re  c o n d i t io n s  
CE) s im u la t in g  th e  d o o rs te p  d e l i v e r y  system.
No. o f  t r i a l
Sample
G lass -E G lass-N SSC-E SSC-N
1 6.75 6 .62 6 .50 6.37
2 , 6 .44 6 .44 6 .76 6 .52
3 6.87 6 .75 7 .25 6.87
4 6. 93 6 .72 7 .19 6 .92
5 6 ■ 84 6.71 7 .36 7 .09
6 5.27 4 .6 0 4 .5 9 4 .02
Mean 6.52 6 .30 6.61 6 .30
O v e r a l l  mean 6.41 6 .45
9L MS VR
* * *
T r i a l 5 26.4425 164.98
Judges 3 8.1009 5 0 .5 4 *
Sample 1 0.0813 0.50
Exposed 1 3.2738 2 0 .4 2 *
T r i a l  ju d ge s 10 3.1880 1 9 . I l l
T r i a l  sample 5 1.2838 8.01
Judges sample 3 1.9792 1 2 .s i *
T r i a l  exposed 5 0.2728 1 .7 0 ,
Judges exposed 3 1.8775 11.^1
Sample exposed 1 0.1112 0.69
T r i a l  ju d g e s  sample 10 2.3959 1 4 .S I*
T r i a l  ju d g e s  exposed 10 0.1773 1.10
T r i a l  sample exposed 5 0.0372 0 .23
Judges sample exposed 3 0.2555 1.59
R e s id u a l 86 0.1603










T r i a l  sample exposed 
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0 .2 002
s i g n i f i c a n t  a t 5 p e r  c e n t  l e v e l
^  II II  II
0.1  "  "
TABLE 5 :4
Means o f  th e  sco re s  g iv e n  by a pan e l [4 ju d g e s )  f o r  th e  
appearance o f  p a s te u r iz e d  m i l k  packaged in  g la s s  b o t t l e s  
and s in g le - s e r v i c e  c o n ta in e r s  a f t e r  B days o f  s to ra g e  a t  
5°C i n  darkness and i n  l i g h t  and te m p e ra tu re  c o n d i t io n s  
s im u la t in g  th e  d o o rs te p  d e l i v e r y  system.
No. o f  t r i a l Sample
G lass-E G lass-■N SSC-E SSC-N
1 5 .36 5 .83 5 .24 5.41
2 5 .87 6 .00 6 .25 6 .12
3 6 .02 6 .10 6 .29 8 .34
4 6 .62 6 .62 6 .25 6 .75
5 6 .75 6 .75 6 .75 7 .0 0
6 2 .75 3 .50 3 .75 4 .0 0
Mean 5 .56 5 .80 5.75 5 .93
O v e r a l l  mean 5.68 5.84
OF VR
* * *
T r i a l 5 46.2376 1 3 1 .5 g ,
Judges 3 6.5846 18.73
Sample 1 1.2963 3.68
Exposed 1 2.1048 5 . 9 Â
T r i a l  ju d ge s 12 3.9640 1 1 .5 2 *
T r i a l  sample 5 1.0064 2 . 8 6
Judges sample 3 1.5243 4 .§3
T r i a l  exposed 5 0.2746 0.78
Judges exposed 3 0.2367 0.67
Sample exposed 1 0.0380 0.10
T r i a l  ju d g e s  sample 12 0.8296 2.3Ê
T r i a l  ju d g e s  exposed 12 0.2168 0.61
T r i a l  sample exposed 5 0.2784 0.79
Judges sample exposed 3 0.2317 0.94
R e s id u a l 96 0.3515
T o ta l 167 2.1696
Tab le  Sample Sample exposed T r i a l  sample exposed
REP 96 48 12
■ SED 0.0856 0.1210 0.2964
* s i g n i f i c a n t  a t  5 p e r  ce n t le v e l
* * 1» ri -j ri II
* * * II 1» Q II II
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s to ra g e  a t  5°C a re  shown i n  g raph  5 :1 .  There was o n ly  a v e ry  s l i g h t  
decrease i n  th e  sco res  g iv e n  f o r  th e  appearance o f  p a s te u r iz e d  m i l k  
d u r in g  s to ra g e  compared to  th e  sco re s  g iv e n  on th e  day o f  p ro c e s s in g .
2, Odour
The mean o f  th e  sco res  g iv e n  by th e  t a s t e  pane l f o r  th e  odour o f  
p a s te u r iz e d  m i l k  packaged i n  g la s s  b o t t l e s  and s in g le - s e r v i c e  
c o n ta in e r s  a re  p re sen ted  i n  T ab les  5 :5 ,  5:6 and 5:7  on the  day o f  
p ro c e s s in g  and a f t e r  2 and 6 days o f  s to ra g e  a t  5°C.
The sco res  g iv e n  by the  t a s t e  pane l on the  day o f  p ro c e s s in g  showed
;
t h a t  th e re  was no s i g n i f i c a n t  d i f f e r e n c e  i n  th e  odour o f  th e  
p a s te u r iz e d  m i l k  packaged i n  th e  two d i f f e r e n t  c o n ta in e r s .  A h ig h ly  
s i g n i f i c a n t  d i f f e r e n c e  C0.1 p e r  ce n t  l e v e l )  was found i n  th e  odour 
sco res  awarded in  d i f f e r e n t  t r i a l s  and by d i f f e r e n t  members o f  th e  
p a n e l .
A f t e r  2 days o f  s to ra g e  a t  5°C, the  r e s u l t s  show t h a t  p a s te u r iz e d  
m i l k  packaged i n  th e  s i n g le - s e r v i c e  c o n ta in e r s  had h ig h e r  scores  
Cp < 0 .0 0 1 ) than  p a s te u r iz e d  m i l k  i n  g la s s  b o t t l e s .  Exposure o r  
non-exposure  to  s im u la te d  d o o rs te p  d e l i v e r y  c o n d i t io n s  had no 
s i g n i f i c a n t  e f f e c t  on th e  odou r sco res  o f  p a s te u r iz e d  m i l k  i n  two typ e s  
o f  c o n ta in e r s  a f t e r  2 days o f  s to ra g e  a t  5°C.
A f t e r  6 days o f  s to ra g e  a t  5°C, th e  odour scores showed t h a t  th e re  
was no s i g n i f i c a n t  d i f f e r e n c e  between samples i n  th e  two d i f f e r e n t  
c o n ta in e r s .  However, p a s te u r iz e d  m i l k  i n  g la s s  b o t t l e s  wh ich  were 
n o t exposed to  s im u la te d  d o o rs te p  d e l i v e r y  c o n d i t io n s  had h ig h e r  
sco res  Cp < 0 ,5 )  tha n  m i l k  f rom  th e  exposed samples.
I t  i s  c le a r  t h a t  th e re  was no s i g n i f i c a n t  d i f f e r e n c e  between the  
members i n  t h e i r  judgem ent o f  m i l k  o do u r .  However, th e  d i f f e r e n c e s  
i n  odour sco res  o f  m i l k  i n  th e  d i f f e r e n t  t r i a l s  was h ig h ly  s i g n i f i c a n t  
C0.1 p e r  c e n t  l e v e l .
The v a r i a t i o n  i n  the  sco res  g iv e n  f o r  th e  odour o f  p a s te u r iz e d  m i l k  in  
th e  two type s  o f  package d u r in g  th e  s to ra g e  t im e  a t  5°C i s  i l l u s t r a t e d
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T A B L E  5 : 5
Means o f  th e  sco res  g iv e n  by a p a n e l C4 ju d g e s )  f o r  th e  
odour o f  p a s te u r iz e d  m i l k  packaged in  g la s s  b o t t l e s  and 
s i n g le - s e r v i c e  c o n ta in e r s  on th e  day o f  p ro c e s s in g .
No. o f  t r i a l
Sample




4 6 .50 6 .12
5 6.61 6.75
6 7.09 7.14
Mean 6.61 6 .60
DF MS VR
* * *
T r i a l 5 2.49059 28.4.6
* * *
Judges 3 5.81539 66.46
Sample 1 0.00003 0-00
* * *
T r i a l  ju d g e s 11 0.70454 8.05
T r i a l  sample 5 0.15594 1 .78
* * *
Judges sample 3 0.58911 6.73
* *
T r i a l  ju d g e s  sample 11 0.27136 3.10
R e s id u a l 40 0.08750
T o ta l 79 0.59090
T ab le  Sample T r i a l sample
REP 48 8
SED 0.0604 0,1479
* s i g n i f i c a n t  a t  5 p e r  ce n t l e v e l
* *  ti II ^  »  It
*  *  *  It  II g II II
TABLE 5 :6
Means o f  the  sco res  g iv e n  by a p a n e l C4 ju d g e s )  f o r  the  
odour o f  p a s te u r iz e d  m i l k  packaged i n  g la s s  b o t t l e s  and 
s in g le - s e r v i c e  c o n ta in e r s  a f t e r  2 days o f  s to ra g e  a t  5°C 
i n  darkness and i n  l i g h t  and te m p e ra tu re  c o n d i t io n s  
s im u la t in g  th e  d o o rs te p  d e l i v e r y  system
No. o f  t r i a l Sample
G lass-E Glass-N SSC-E SSC-N
1 6 .1 2 5.87 5.87 5 .99
2 6 .70 7 .18 7 .16 7.31
3 5 .12 5 .12 5.87 5 .74
4 5.29 5,71 6 .14 5.96
5 5.81 5 .29 5 .27 5 .96
6 6 .70 6.85 7 .33 5.82
Mean 5 .96 6 .00 6 .27 6 .30
O v e r a l l  mean 5.98 6.29




T r i a l  ju d ge s
T r i a l  sample
Judges sample
T r i a l  exposed
Judges exposed
Sample exposed
T r i a l  ju d g e s  sample
T r i a l  ju d g e s  exposed
T r i a l  sample exposed
Judges sample exposed
R e s id u a l
T o ta l
OF MS VR
* * *
5 16 .3244 54 .9 % ,
3 24 .4984 8 2 . 5 0 ,
1 4 .5430 15 .2 9
1 0.0687 0 - 2 3 ,
10 6,7019 22 .5 6
5 0 .7153 2 .4 0
3 1 .4510 4 . i s
5 0.1999 0 .6 9
3 0 .3 4 6 6 1 .1 6
1 0 .0 0 0 6 0 - 9 3 *
10 1 .2842 4 . 3 2
10 0 .28 96 0 .9 7
5 0 .8078 2 . 7 ?
3 0 .4 979 1 .6 7
86 0 .2969














s i g n i f i c a n t  a t  5 p e r  c e n t  l e v e l
I I  IP / |  IP I t I I
}f ’^ 0  1 "  "  ”
TABLE 5 :7
Means o f  the  scores g iv e n  by a p a n e l C4 ju d g e s )  f o r  th e  
odour o f  p a s te u r iz e d  m i l k  packaged i n  g la s s  b o t t l e s  and 
s i n g le - s e r v i c e  c o n ta in e r s  a f t e r  B days o f  s to ra g e  a t  5°C 
i n  darkness  and i n  l i g h t  and te m p e ra tu re  c o n d i t io n s  
s im u la t in g  th e  d o o rs te p  d e l i v e r y  system
Sample
1NIU # U T  LX JaQ «L
G lass-E G lass-N SSC-E SSC-N
1 4 .62 4 .99 4 .67 5 .16
2 5 .37 5 .50 5 .25 4 .87
3 4 .94 5 .50 5.10 5.46
4 6 .00 5.75 5.75 6 .12
5 5 .62 5 .75 5 .62 5 .62
6 5 .75 6.00 6 .25 6.37
Mean 5 .38 5 .58 5 .44 5 .60
O v e r a l l  mean 5 .48 5.52
DF MS VR
* * *
T r i a l 5 6.8507 30,79
Judges 3 0.4878 2 .19
Sample 1 0.0690 0.3%
Exposed 1 1.5556 6.99
T r i a l  judges 12 6.7396 30.
T r i a l  sample 5 0.5535 2'%g
Judges sample 3 1.2489 5.61
T r i a l  exposed 5 0.4206 1.89
Judges exposed 3 0.4124 1.85
Sample exposed 1 0.0130 0 .0 5 ,
T r i a l  ju dges  sample 12 1 .1763
‘  5 - | g .
T r i a l  ju d ge s  exposed 12 1.0948 4 .9 2
T r i a l  sample exposed 5 0.2869 1.28
Judges sample exposed 3 0.0298 0.13
R e s id u a l 96 0.2225
T o ta l 167 1.0672
Tab le  Sample Sample exposed T r i a l  sample exposed
REP 96 48 8
SED 0.0681 0.0963 0.2358
* s i g n i f i c a n t  a t  5 p e r  c e n t l e v e l
*  * I t  II  / j  II II
*  *  *  II I I  Q  / j  II  II
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i n  Graph 5 :2 .  The c o r r e l a t i o n  c o e f f i c i e n t s  between th e  sco res  g iv e n  
f o r  odour and th e  lo g ^  o f  th e  t o t a l  c o lo n y  c o u n t ,  the  p s y c h r o t ro p h ic  
coun t and th e  a c id  degree v a lu e  a re  p re sen ted  i n  Tab le  5 :1 3 .
3, F la v o u r  [ t a s t e )
The sco res  g iv e n  by the  pane l f o r  the  f l a v o u r  [ t a s t e )  o f  p a s te u r iz e d
m i l k  packaged i n  g la s s  b o t t l e s  and s in g le  s e r v ic e  c o n ta in e r s  on th e  day 
o f  p ro c e s s in g  and a f t e r  2 an 
i n  T ab les  5 :8 ,  5:9 and 5 :1 0 .
d 6 days o f  s to ra g e  a t  5°C a re  p re sen ted
On the  day o f  p ro c e s s in g  th e re  was no s i g n i f i c a n t  d i f f e r e n c e  between ; 
th e  f l a v o u r  sco res  o f  p a s te u r iz e d  m i l k  i n  the  two d i f f e r e n t  c o n ta in e r s .  
However, th e re  was a s i g n i f i c a n t  d i f f e r e n c e  Cl p e r  c e n t  l e v e l )  between 
the  f l a v o u r  sco res  g iv e n  by th e  ju d g e s  i n  the  d i f f e r e n t  t r i a l s .  A 
h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  was found  between th e  ju d ge s  i n  t h e i r  
s c o r in g  o f  the  f l a v o u r  o f  p a s te u r iz e d  m i l k s  on the  day o f  p ro c e s s in g .
A f t e r  2 days o f  s to ra g e  a t  5°C, the  f l a v o u r  o f  p a s te u r iz e d  m i l k  packaged 
i n  SSC had h ig h e r  Cp < 0 .0 1 )  sco re s  th a n  t h a t  packaged i n  g la s s  b o t t l e s .  
There was a h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  Cp < 0 .001 ) between th e  
f l a v o u r  sco res  awarded by th e  ju d ge s  i n  th e  d i f f e r e n t  t r i a l s ,  A 
h ig h l y  s i g n i f i c a n t  d i f f e r e n c e  Cp < 0 .0 0 1 )  was found  between th e  ju d ge s  
i n  t h e i r  assessment o f  th e  f l a v o u r  o f  p a s te u r iz e d  m i l k  a f t e r  2 days 
o f  s to ra g e  a t  5°C.
A f t e r  6 days o f  s to ra g e  a t  5°C, a h ig h ly  s i g n i f i c a n t  Cp < 0 .0 0 1 )  
d i f f e r e n c e  was found  between th e  ju d g e s  i n  t h e i r  assessment o f  the  
f l a v o u r  o f  p a s te u r iz e d  m i l k s .  However, a s i g n i f i c a n t  d i f f e r e n c e  
Cp < 0.05) was found  between th e  f l a v o u r  sco res  g iv e n  f o r  p a s te u r iz e d  
m i l k s  f rom  d i f f e r e n t  t r i a l s .
P a s te u r iz e d  m i l k  in  g la s s  b o t t l e s  had h ig h e r  sco res  Cp < 0.05) than  t h a t  
i n  s i n g le - s e r v i c e  c o n ta in e r s .  There was no s i g n i f i c a n t  d i f f e r e n c e  i n  
f l a v o u r  sco res  o f  p a s te u r iz e d  m i l k  w h ich  was exposed to  l i g h t  and 
te m p e ra tu re  c o n d i t io n s  s im u la t in g  th e  d o o rs te p  d e l i v e r y  system and t h a t  
wh ich  was no t exposed to - t h e s e  c o n d i t io n s .  T h is  was found f o r  the
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TABLE 5 :8
Means o f  th e  sco res  g iv e n  by a p ane l [4 ju d g e s )  f o r  th e  
f l a v o u r  o f  p a s te u r iz e d  m i lK  packaged i n  g la s s  b o t t l e s  
and s in g le - s e r v i c e  c o n ta in e r s  on th e  day o f  p ro c e s s in g
No. o f  t r i a l
Sample
G lass b o t t l e SSC
1 6 .00 5.25
2 6.56 6 .53
3 6 .00 6 ,00
4 6 .50 6 ,50
5 5.90 6 .06
6 8,34 6.21
Mean 6.21 6 .09
OF
* *
T r i a l 5 1.9931 4 .19  
* *  *
Judges 3 4.9817 10.48
Sample 1 0.3750 0 .78
T r i a l  ju d ge s 11 0.7578 1.59
T r i a l  sample 5 0.4084 0.86
Judges sample 3 0.8719 1 .83
T r i a l  judges sample 11 0 .5983 1 .26
R e s id u a l 40 0.4750
T o ta l 79 0.8084






s i g n i f i c a n t  a t  5 p e r  c e n t  l e v e l
r r  i t  / |  u  i t  i t
M ”  0  "1 ”  "  "
TABLE 5 :9
Means o f  th e  sco res  g iv e n  by a p a n e l [4 ju d g e s ]  f o r  the  
f l a v o u r  o f  p a s te u r iz e d  m i l k  packaged in  g la s s  b o t t l e s  
and s in g le - s e r v i c e  c o n ta in e r s  a f t e r  2 days o f  s to ra g e  a t  
5°C i n  darkness  and i n  l i g h t  and tem pe ra tu re ,  c o n d i t io n s  
s im u la t in g  th e  d o o rs te p  d e l i v e r y  system
No, o f  t r i a l Sample
G lass -E G lass --N SSC-E SSC-N
1 5 .50 4 .87 6.00 5.00
2 4 .52 5.16 4 .84 5.14
3 4 .50 3 .87 5 .25 4 .8 7
4 4 .1 2 4 .34 4 .42 4 .17
5 5 .72 5 .23 5.60 5 .80
6 B.85 6 .33 7 .17 6.81
Mean 5 ,20 4 .97 5 .54 5.30
O v e r a l l  mean 5 .08 5,42
OF MS VR
* * *
T r i a l 5 25.4601 21.29#
Judges 3 10.9308 22.01
Sample 1 5.4646 1 1 -gg
Exposed 1 2.7966 5 .6 3 *
T r i a l  ju d ge s 10 9.8043 19.75
T r i a l  sample 5 0,6657 i ' 2 3 .Judges sample 3 5.8901 11 .§6
T r i a l  exposed 5 1.5924 3.20
Judges exposed 3 0.9888 1.99
Sample exposed 1 0.0016 0.03#
T r i a l  ju d g e s  sample 10 1.7591 3,54
T r i a l  ju d g e s  exposed 10 0.6833 1.37
T r i a l  sample exposed 5 0.4130 0 .8 3
Judges sample exposed 3 0.3712 0 .74
R e s id u a l 86 0.4964
T o ta l 151 2.4412
Table  Sample Sample exposed T r i a l sample exposed
REP 96 48 8
SED 0.1017 0.1438 0.3523
* s i g n i f i c a n t  a t  5 p e r  c e n t l e v e l
* * I t  I I  / j  II  I I
*  *  *  I I  11 Q  / j  I I  I I
TABLE 5 :1 0
Means o f  th e  sco re s  g iv e n  by a pane l [4 ju d g e s )  f o r  the  
f l a v o u r  o f  p a s te u r iz e d  m i l k  packaged i n  g la s s  b o t t l e s  
and s in g le - s e r v i c e  c o n ta in e r s  a f t e r  B days o f  s to ra g e  a t  
5°C i n  darkness  and i n  l i g h t  and te m p e ra tu re  c o n d i t io n s
s im u la t in g  the d o o rs te p d e l i v e r y system
No, o f  t r i a l Sample
G lass-E Glass'-N SSC-E SSC-N
1 4 .13 4,61 3.70 4 .57
2 4 .62 4 .37 3 .62 3.87
3 3 ,97 3.58 4 .58 3 .83
4 5 .25 4 .75 2.75 4 .00
5 3 .87 3.87 4 .00 4 .25
6 4 .25 4 .75 4 .50 5.37
Mean 4 .35 4 .3 2 3 .86 4.31
O v e r a l l  mean 4 .3 3 4.09
DF MS VR
T r i a l 5 2.2993
*
3.57
Judges 3 12.7768 19 .§6*
Sample 1 2.9482 4 . s i
Exposed 1 2.2217
T r i a l  ju d g e s 12 4.7249 7 .34
T r i a l  sample 5 5.3297 qM*
Judges sample 3 2.7005 4 .1§
T r i a l  exposed 5 1.8141 2 . S i
Judges exposed 3 0.9545 1.48
Sample exposed 1 2.8399 4 - Î Î .
T r i a l  ju d ge s  sample 12 3.0460
T r i a l  ju d g e s  exposed 12 1.3432 2 .08
T r i a l  sample exposed 5 0.9522 1 .48
Judges sample exposed 3 1.4759 2.29
R e s id u a l 96 0.6431
T o ta l 167 1.7055







s i g n i f i c a n t  a t  5 p e r  c e n t  l e v e l
»  »l ^  I I  I I  II
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m i lk s  in  g la s s  b o t t l e s  and i n  s in g le - s e r v i c e  c o n ta in e r s .
Changes i n  th e  f l a v o u r  sco re s  o f  p a s te u r iz e d  m i l k  packaged i n  th e  two 
d i f f e r e n t  c o n ta in e r s  w i t h  s to ra g e  a t  5°C a re  i l l u s t r a t e d  i n  g raph  5 :3 .
The f l a v o u r  sco res  f o r  p a s te u r iz e d  m i l k  i n  bo th  typ e s  o f  c o n ta in e r  showed 
c o r r e l a t i o n  c o e f f i c i e n t s  w h ich  were s i g n i f i c a n t  a t  th e  0.1 p e r  c e n t  
l e v e l  w i t h  the  lo g ^  o f  th e  t o t a l  c o lo n y  co un t and p s y c h r o t r o p h ic  co un t 
[T a b le  5 :1 3 ] .
4, T o ta l  scores o f  th e  o r g a n o le p t ic  t e s t s
The t o t a l  s c o re s .g iv e n  f o r  p a s te u r iz e d  m i l k  packaged i n  g la s s  b o t t l e s  
and s in g le - s e r v i c e  c o n ta in e r s  on th e  day o f  p ro c e s s in g  and a f t e r  2 and 
6 days o f  s to ra g e  a t  5°C a re  g iv e n  i n  Tab les  5 : 1 l ,  5 :12  and 5 :13  
r e s p e c t i v e l y ,
The t o t a l  sco res  on th e  day o f  p ro c e s s in g  show t h a t  th e re  was no 
s i g n i f i c a n t  d i f f e r e n c e  between th e  samples i n  th e  two d i f f e r e n t  
c o n ta in e r s .  The d i f f e r e n c e s  between th e  t r i a l s  were s i g n i f i c a n t  a t  
0.1 p e r  ce n t  l e v e l .  The same s i g n i f i c a n t  d i f f e r e n c e  was found  
between th e  members o f  the  pan e l i n  the  scores awarded.
A f t e r  2 days o f  s to ra g e  o f  th e  m i l k s ,  th e  r e s u l t s  show t h a t  p a s te u r iz e d  
m i l k  packaged i n  SSC had a h ig h e r  t o t a l  sco re  [ s i g n i f i c a n t  a t  0.1 p e r  
c e n t ]  than  p a s te u r iz e d  m i l k  packaged i n  g la s s  b o t t l e s .  The sco res  
g iv e n  to  the  m i l k s  i n  g la s s  b o t t l e s  w h ich  were exposed f o r  3 h to  l i g h t  
and te m p e ra tu re  c o n d i t io n s  s im u la t in g  th e  d o o rs te p  d e l i v e r y  system, 
were no t s i g n i f i c a n t l y  d i f f e r e n t  from  the  sco res  g iv e n  to  th e  samples 
wh ich  were no t exposed to  the se  c o n d i t i o n s .  However, m i l k  packaged 
i n  SSC which  were exposed to  s im u la te d  d o o rs te p  c o n d i t io n s  had a 
h ig h e r  sco re  [p < 0,05] than  th e  m i l k  i n  SSC w h ich  were n o t  exposed.
The d i f f e r e n c e  between th e  means o f  these  was o n ly  0 .5 2 ,  wh ich  i s  no t  
a v e ry  g r e a t  d i f f e r e n c e  f rom  the  p r a c t i c a l  p o in t  o f  v ie w .  The 
d i f f e r e n c e s  were s i g n i f i c a n t l y  h ig h e r  [p < 0 .0 0 1 ]  between the  t r i a l s  
and a ls o  between th e  sam ples.
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TABLE 5 :11
Means o f  the  t o t a l  sco res  g iv e n  by a p ane l C4 ju d g e s ]  
f o r  appearance, odour and f l a v o u r  o f  p a s te u r iz e d  m i l k  
packaged i n  g la s s  b o t t l e s  and s in g le - s e r v i c e  c o n ta in e r s  
on the  day o f  p ro c e s s in g .
No. o f  t r i a l Sample















* * * 
8 .9 2  
* * * 
21.67
Sample 1 0.382 0 .34
T r i a l  ju d ge s 11 1.845 1.67






2 .02  
* * 
4 ,37
T r i a l  ju d ge s sample 11 2.703 2.45
R e s id u a l 40 1.100
T o ta l 79 3.045







* s i g n i f i c a n t  a t
* * »  I t
5 p e r  c e n t  l e v e l
 ^ n  II  II
* * * 1# II 0.1 "
TABLE 5 :1 2
Means o f  th e  t o t a l  sco res  g iv e n  by a pane l [4 ju d g e s ]  f o r  
the  appearance, odour and f l a v o u r  o f  p a s te u r iz e d  m i l k  
packaged i n  g la s s  b o t t l e s  and s in g le - s e r v i c e  c o n ta in e r s  
a f t e r  2 days o f  s to ra g e  a t  5°C i n  darkness  and i n  l i g h t  
and te m p e ra tu re  c o n d i t io n s  s im u la t in g  the  d o o rs te p  d e l i v e r y
system .
No, o f  t r i a l
Sample
G lass-E G lass-N SSC-E SSC-N
1 18.37 17.37 18.37 17.37
2 17,68 18.78 18.77 18.97
3 16.50 15.75 18,37 17.50
4 16.35 16,77 17.76 17.07
5 18.37 17.23 18.23 18.74
6 18.86 17.78 19.10 17.80
Mean










T r i a l  judges
T r i a l  sample
Judges sample
T r i a l  exposed
Judges exposed
Sample exposed
T r i a l  ju d ge s  sample
T r i a l  ju d g e s  exposed
T r i a l  sample exposed
Judges sample exposed
R e s id ua l




3 115.784 8 1 . I I :
1 22.624 15. 9§
1 10.464
10 25.142 17.72
5 3.316 2 .33
3 20.837 1 4 .§ 1 *
5 3,693 2.60
3 8.213 5 .? § *
1 0.164 0 -1 1 ,
10 7.907 5.57
10 0.714 0.50













T r i a l  sample exposed
12
0.5955
s i g n i f i c a n t  a t  5 pe r c e n t  l e v e l
n  I t  t t  II  I f
) l  W Q  ^  "  f t
TABLE 5 :1 3
Means o f  the  t o t a l  sco res  g iv e n  by a pan e l C4 ju d g e s ]  f o r  th e  
appearance , odour and f l a v o u r  o f  p a s te u r iz e d  m i l k  packaged i n  
g la s s  b o t t l e s  and s i n g le - s e r v i c e  c o n ta in e r s  a f t e r  B days o f  
s to ra g e  a t  5°C i n  da rkness  and i n  l i g h t  and te m p e ra tu re  
c o n d i t io n s  s im u la t in g  th e  d o o rs te p  d e l i v e r y  system .
No. o f  t r i a l
G lass-E
Sample
G lass-N SSC-E SSC-N
1 14.12 15 .43 13.62 15.15
2 15.87 15.87 15.12 14.87
3 14,95 15.21 15.97 15.64
4 17.87 17.12 14.75 16.87
5 16.25 16.37 16.37 16.87
B 12.75 14.25 14.50 15.75
Mean 15.30 15.71 15.05 15.86
O v e r a l l  mean 15. 50 15.46
DF MS VR
* * *
T r i a l 5 28.977 15.67
Judges 3 18.270 9.M*
Sample 1 0 .112 0 .06
Exposed 1 17.516 9 .1 ^
T r i a l  judges 12 23.279 1 2 . I I :
T r i a l  sample 5 11.225 6.5%*
Judges sample 3 5.442 2 .94
T r i a l  exposed 5 3.666 1.98
Judges exposed 3 3.494 1.89
Sample exposed 1 1.896
T r i a l  ju d ge s  sample 12 9.187 4 .§7
T r i a l  jud ge s  exposed 12 3.767 2 .03
T r i a l  sample exposed 5 3.191 1.72
Judges sample exposed 3 0.841 0.45
R e s id u a l 96 1.849
T o ta l 167 5.896
Tab le  Sample Sample exposed T r i a l sample exposed
REP 96 48 8
SED 0.1962 0.2775 0,6798
* s i g n i f i c a n t  a t  5 p e r  c e n t l e v e l
»
* * M » /j » U
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The sco res  g iv e n  by th e  t a s t e  p an e l to  m i lk s  s to re d  f o r  6 days a t  5°C 
showed t h a t  th e re  was no s i g n i f i c a n t  d i f f e r e n c e  between th e  q u a l i t y  o f  
m i l k  i n  th e  two packag ing  system s. P a s te u r iz e d  m i l k  i n  the  s in g le -  
s e r v ic e  c o n ta in e r s  w h ich  were ndtexposed to  s im u la te d  d o o rs te p  d e l i v e r y  
had h ig h e r  sco res  Cp < 0 .0 1 )  tha n  t h a t  w h ich  was exposed. However, 
th e re  was no s i g n i f i c a n t  d i f f e r e n c e  i n  the  sco res  o f  p a s te u r iz e d  m i l k  
i n  g la s s  b o t t l e s  w h ich  had been o r  had no t  been exposed to  s im u la te d  
d o o rs te p  d e l i v e r y  c o n d i t io n s .
The t o t a l  soores f o r  p a s te u r iz e d  m i l k  packaged i n  s in g le - s e r v i c e  
c o n ta in e r s  showed c o r r e l a t i o n  c o e f f i c i e n t s  o f  -0 .7 3 1 0  Cp < 0 .0 0 1 ) ,  ^
-0 .78 4 6  Cp < 0 .0 0 1 )  and -0 .5 8 6 2  Cp < 0 .0 0 1 )  w i t h  the  lo g ^  o f  the
t o t a l  c o lo n y  c o u n t ,  lo g g  th e  p s y c h r o t ro p h ic  coun t and the  a c id  
degree v a lu e s  r e s p e c t i v e l y .  However, i n  the  case o f  p a s te u r iz e d  
m i l k  i n  g la s s  b o t t l e s ,  the  c o r r e l a t i o n  c o e f f i c i e n t s  w i t h  the  above 
param ete rs  were -0 ,7131  Cp < 0 ,0 0 1 ) ,  -0 .7365  Cp < 0 .0 0 1 )  and -0 .66 1 4  
Cp < 0 .0 0 1 )  r e s p e c t i v e l y  CTable 5 :1 3 ) .
The r e d u c t io n  i n  the  t o t a l  sco res  f o r  p a s te u r iz e d  m i l k  i n  th e  two 
type s  o f  o o n ta in e rs  w i t h  s to ra g e  t im e  i s  i l l u s t r a t e d  i n  graph  5 :4 .
5. F la v o u r  d e fe c t
The f l a v o u r  d e fe o ts  r e f e r r e d  to  by th e  members o f  the  pane l when the  
m i lk s  were examined on th e  day o f  p ro c e s s in g  and a f t e r  2 and 8 days o f  
s to ra g e  a t  5°C a re  g iv e n  i n  Tab les  5: 1i+, 5 :15  and 5 :1 6 .
The r e s u l t s  in d i c a t e  t h a t  on th e  day o f  p ro c e s s in g  CTable 5 :1 4 )  the  pane l 
d id  no t d e te c t  any f l a v o u r  d e fe c t  i n  th e  samples o f  m i l k  packaged in  
e i t h e r  g la s s  b o t t l e s  o r  s in g le  s e r v ic e  c o n ta in e r s .
A f t e r  2 days o f  s to ra g e  a t  5°C CTable 5 :1 5 )  some o f  the  m i lk s  i n  eaoh 
ty p e  o f  c o n ta in e r  were judged  to  have v e ry  s l i g h t  C le ve l 1) and s l i g h t  
o f f - f l a v o u r s  C leve l 2 ) .  However, none o f  the  samples showed d i s t i n c t  
o r  pronounced o f f - f l a v o u r s .
A f t e r  6 days o f  s to ra g e  CTable 5 :1 6 )  a t  5°C a few samples gave a d i s t i n c t  
f r u i t y  f l a v o u r  b u t  none o f  these  samples gave pronounced o f f - f l a v o u r s .
One sample from  each typ e  o f  package gave a pronounced o x id iz e d  f la v o u r ,  
a f t e r  6 days o f  s to ra g e  a t  5°C.
1 0 0
TABLE 5 ;1 4
C a te g o r iz a t io n  o f  comments by a pan e l C4 ju d g e s )  o f  th e  f l a v o u r s  
o f  p a s te u r iz e d  m i l k  packaged i n  g la s s  b o t t l e s  and s in g le - s e r v i c e  
c o n ta in e r s  when examined on the  day o f  p ro c e s s in g .
F la v o u r F la v o u r No. o f  samples
typ e s c a le G lass b o t t l e SSC
No f l a v o u r 12 12
ve ry  s l i g h t 0 0
M a l ty s l i g h t 0 0
d i s t i n c t 0 0
pronounced 0 0
No f l a v o u r 12 12
v e ry  s l i g h t 0 0
F r u i t y s l i g h t 0 0
d i s t i n c t 0 0
pronounced 0 0
No f l a v o u r 12 12
v e ry  s l i g h t 0 0
O x id ise d s l i g h t 0 0
d i s t i n c t 0 0
pronounced 0 0
No f l a v o u r 12 12
. v e ry  s l i g h t 0 0
B i t t e r s l i g h t 0 0
d i s t i n c t 0 ■ 0
pronounced 0 0
No f l a v o u r 12 12
v e ry  s l i g h t 0 0
Cooked s l i g h t 0 0
d i s t i n c t 0 0
pronounced 0 0
TABLE 5 :1 5
C a te g o r iz a t io n  o f  comments by a pane l C4 ju d g e s )  o f  th e  f l a v o u r s  
o f  p a s te u r iz e d  m i l k  packaged i n  g la s s  b o t t l e s  and s in g le - s e r v i c e  
c o n ta in e r s  a f t e r  2 days o f  s to ra g e  a t  5°C in  darkness  and i n  
l i g h t  and te m p e ra tu re  c o n d i t io n s  s im u la t in g  th e  d o o rs te p  d e l i v e r y
system .
F la v o u r F la v o u r No. o f samples
type sc a le G lass-E Glass-N BSC-E SSC-N
No f l a v o u r 7 10 9 10
v e ry  s l i g h t 4 2 3 2
M a lty s l i g h t 1 0 0 0
d i s t i n c t 0 0 0 0
pronounced 0 0 0 0
No f l a v o u r 6 10 11 12
v e ry  s l i g h t 6 2 1 0
F r u i t y s l i g h t 0 0 0 0
d i s t i n c t 0 0 0 0
pronounced 0 0 0 ■ 0
No f l a v o u r 10 11 a 9
v e ry  s l i g h t 2 1 2 1
O x id ize d s l i g h t 0 0 2 2
d i s t i n c t 0 0 0 0
pronounced 0 0 0 0
No f l a v o u r 11 12 12 12
v e ry  s l i g h t 1 0 0 0
B i t t e r s l i g h t 0 0 0 ' 0
d i s t i n c t 0 0 0 0
pronounced 0 0 0 0
No f l a v o u r 10 12 12 ' 12
v e ry  s l i g h t 0 0 0 0
Cooked s l i g h t 2 0 0 0
d i s t i n c t 0 0 0 0
pronounced 0 0 0 0
TABLE 5 :1 6
C a te g o r iz a t io n  o f  comments by a p an e l C4 ju d g e s ]  o f  th e  f la v o u r s  
o f  p a s te u r iz e d  m i l k  packaged i n  g la s s  b o t t l e s  and s in g le - s e r v i c e  
c o n ta in e r s  a f t e r  6 days o f  s to ra g e  a t  5°C i n  darkness and i n  
l i g h t  and te m p e ra tu re  c o n d i t io n s  s im u la t in g  th e  d o o rs te p  d e l i v e r y
s y s te m ,
F la v o u r F la v o u r No. o f sample
type s c a le G lass -E G lass-N SSC-E SSC-N
No f l a v o u r a 6 7 8
v e ry  s l i g h t 4 4 5 3
M a lty s l i g h t 0 2 0 1
d i s t i n c t 0 0 0 0
pronounced 0 0 0 0
No f l a v o u r 8 11 9 9
v e ry  s l i g h t 2 0 1 1
F r u i t y s l i g h t 1 0 0 2
d i s t i n c t 1 1 2 0
pronounced Q 0 0 0
No f l a v o u r 4 8 9 7
v e ry  s l i g h t 2 2 2 2
O x id ized s l i g h t 2 2' 0 2
d i s t i n c t 1 0 0 1
pronounced 3 0 1 0
No f l a v o u r 10 11 10 12
ve ry  s l i g h t 2 0 2 0
B i t t e r s l i g h t 0 1 0 0
d i s t i n c t 0 0 0 0
pronounced 0 0 0 0
No f l a v o u r 10 9 12
v e ry  s l i g h t 1 2 0 0
Cooked s l i g h t 1 1 0 1
d i s t i n c t 0 0 0 0
pronounced 0 0 0 0
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The sco res  w h ich  were g iv e n  to  the  appearance o f  p a s te u r iz e d  m i l k  on 
th e  day o f  p ro c e s s in g  showed t h a t  th e re  was no d i f f e r e n c e  between the  
g la s s  b o t t l e  and SSC samples i n  t h i s  r e s p e c t .  There was a s i g n i f i c a n t  
d i f f e r e n c e  Cat 0.1 p e r  c e n t  l e v e l )  between the  t r i a l s .
A f t e r  2 days o f  s to ra g e  a t  5°C, the  sco res  f o r  the  appearance o f  the  
m i l k s  showed a s l i g h t  dec rea se . There was no s i g n i f i c a n t  d i f f e r e n c e  
between the  appearance o f  p a s te u r iz e d  m i l k  packaged in  g la s s  b o t t l e s   ^
and t h a t  i n  s in g le  s e r v ic e  c o n ta in e r s  under the  above c o n d i t i o n s .
Samples o f  m i l k  i n  b o t t l e s  w h ich  were exposed to  s im u la te d  d o o rs te p  
d e l i v e r y  c o n d i t io n s  had h ig h e r  Cp < 0 .0 1 )  sco res  f o r  appearance than  th e  
same m i l k  i n  non-exposed c o n ta in e r s .  S i m i l a r l y ,  m i l k s  i n  s i n g l e ­
s e r v ic e  c o n ta in e r s  exposed to  l i g h t  had a h ig h e r  Cp < 0 .0 0 1 )  sco re  f o r  
appearance than  th e  unexposed m i l k  i n  SSC. W h ile  th e  d i f f e r e n c e s  were 
s i g n i f i c a n t l y  h ig h e r  when a na lysed  s t a t i s t i c a l l y . T h e  r e s u l t  i s  o f  
l i t t l e  im p o r ta n ce  from  th e  p r a c t i c a l  p o in t  o f  v iew  because th e  d i f f e r e n c e s  
between th e  sco res  la y  i n  the  f i r s t  dec im a l p o in t .
A f t e r  th e  m i l k  had 6 days o f  s to ra g e  a t  5°C, the  mean o f  th e  sco res  
showed t h a t  th e  t a s t e  p ane l l i k e d  th e  appearance o f  th e  m i l k  o n ly  
m o d e ra te ly .  There was no s i g n i f i c a n t  d i f f e r e n c e  between the  scores 
g iv e n  to  th e  appearance o f  the  m i l k  i n  g la s s  b o t t l e s  and s i n g le -  
s e r v ic e  c o n ta in e r s  a t  t h i s  t im e .
The d i f f e r e n c e  between th e  sco res  g iv e n  f o r  appearance o f  the  m i l k  on 
the  day o f  p ro c e s s in g  and a f t e r  6 days o f  s to ra g e  a t  5°C was le s s  than 
1 p o in t  on the  g ra d in g  s c a le .
The r e s u l t s  o f  the  g ra d in g s  f o r  appearance a re  in  agreement w i th  those  
o f  Schonborn e j t . a l . (1975 ),  who re p o r te d  t h a t  th e re  was no d i f f e r e n c e  
i n  the  appearance o f  p a s te u r iz e d  m i l k  one day a f t e r  d e l i v e r y  and no 
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  f i v e  and e ig h t  days a f t e r  d e l i v e r y .
1 0 1
2. Odour
The mean o f  th e  sco res  f o r  p a s te u r iz e d  m i l k  on th e  day o f  p ro c e s s in g  
showed t h a t  th e re  was no d i f f e r e n c e  i n  the  odour between th e  m i l k  i n  th e  
g la s s  b o t t l e s  and t h a t  i n  s in g le - s e r v i c e  c o n ta in e r s .
There was a h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  [0 .1  pe r c e n t  l e v e l )  between 
the  sco res  awarded i n  d i f f e r e n t  t r i a l s .  There was a ls o  a s i g n i f i c a n t  
d i f f e r e n c e  [0 ,1  p e r  c e n t  l e v e l )  between th e  ju d g e s .
A f t e r  two days o f  s to ra g e  a t  5°C the  odour sco res  g iv e n  f o r  the  SSC 
m i lk s  were s i g n i f i c a n t l y  h ig h e r  Cp < 0 .0 0 1 )  than  those  w h ich  were g iv e n  
f o r  the  m i l k  i n  g la s s  b o t t l e s .  There was no s i g n i f i c a n t  d i f f e r e n c e  ' 
between th e  odour sco res  o f  m i l k s  exposed to  l i g h t  and tem pe ra tu re  
c o n d i t io n s  s im u la t in g  th e  d o o rs te p  d e l i v e r y  system and those  w h ich  were 
n o t  exposed to  these  c o n d i t i o n s .  There was a h ig h ly  s i g n i f i c a n t  
d i f f e r e n c e  [0 .1  p e r  c e n t  l e v e l )  between the  scc res  awarded i n  d i f f e r e n t  
t r i a l s .  The o th e r  h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  a t  th e  0.1 pe r c e n t  
o c c u r re d  i n  the  sco re  awards made by i n d i v i d u a l  g ra d e rs .
A f t e r  s i x  days o f  s to ra g e  a t  5°C, th e re  was no s i g n i f i c a n t  d i f f e r e n c e  
between th e  odour sco res  g iv e n  to  th e  p a s te u r iz e d  m i l k  packaged i n  g la s s  
b o t t l e s  and SSC. The r e s u l t s  showed t h a t  the  samples o f  m i l k  i n  g la s s  
b o t t l e s  wh ich  were no t exposed to  th e  l i g h t  and te m p e ra tu re  c o n d i t io n s  
s im u la t in g  th e  d o o rs te p  d e l i v e r y  system had h ig h e r  [p < 0 .5 )  odour 
sco res  [ b e t t e r  q u a l i t y )  than  those  w h ich  were exposed. T h is  may have 
been due to  th e  a f f e c t  o f  induced  l i g h t  i n  the  case o f  the  exposed 
samples. However, exposure  to  s im u la te d  doo rs te p  d e l i v e r y  c o n d i t io n s  
had no s i g n i f i c a n t  e f f e c t  i n  the  case o f  SSC samples. A s i g n i f i c a n t  
d i f f e r e n c e  [0 .1  per c e n t  l e v e l )  was found  between the  t r i a l s .  The 
decrease i n  th e  ddour sco res  d u r in g  the  s to ra g e  t im e  was h ig h e r  i n  
th e  case o f  m i l k  i n  g la s s  b o t t l e s  exposed to  s im u la te d  d o o rs te p  d e l i v e r y .
The r e s u l t s  o f  the  odour sco res  were i n  agreement w i t h  th o se  o f  
Schonborn e ^ .  a ^ .  [1 9 7 5 ) .
The odour sco res  showed h ig h ly  s i g n i f i c a n t  n e g a t iv e  c o r r e l a t i o n s
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Cp < 0 .0 0 1 )  w i t h  th e  lo g ^  o f  th e  t o t a l  c o lo n y  co un t and th e  p s y c h r o t r o p h ic  
c o u n t .  T h is  sugges ts  t h a t  th e  in c re a s e  i n  these  co u n ts  and th e  
r e s u l t i n g  enzymic a c t i v i t y  was r e s p o n s ib le  to  a c e r t a i n  degree f o r  odour 
d e fe c ts  i n  th e  p a s te u r iz e d  m i l k .
3, F la v o u r
The f l a v o u r  sco res  o f  p a s te u r iz e d  m i l k s  on th e  day o f  p ro c e s s in g  showed 
t h a t  th e re  was no s i g n i f i c a n t  d i f f e r e n c e  between the  m i l k s  packaged in  
g la s s  b o t t l e s  and SSC. There was a s i g n i f i c a n t  d i f f e r e n c e  [0 .1  p e r  
c e n t  l e v e l )  between th e  f l a v o u r  sco res  i n  th e  two ty p e s  o f  package.
The d i f f e r e n c e s  between th e  t r i a l s  were s i g n i f i c a n t  a t  1 p e r  c e n t  
l e v e l .
A f t e r  two days o f  s to ra g e  a t  5°C, th e  f l a v o u r  scores g iv e n  to  
p a s te u r iz e d  m i l k  packaged i n  SSC were s i g n i f i c a n t l y  h ig h e r  than  those  
g iv e n  to  p a s te u r iz e d  m i l k  packaged i n  g la s s  b o t t l e s .  The d i f f e r e n c e s  
were s t a t i s t i c a l l y  s i g n i f i c a n t .  Some f la v o u r s  s p e c i f i e d  by the  t a s te  
p ane l i n  some m i l k s  i n  b o th  type s  o f  c o n ta in e r  were c l a s s i f i e d  as 
'V e ry  s l i g h t ’ . However, most o f  the  samples showed no f l a v o u r  
d e fe c t  a f t e r  two days o f  s to ra g e  a t  5°C,
On th e  s i x t h  day o f  s to ra g e ,  th e  f l a v o u r  scores g iv e n  to  the  p a s te u r iz e d  
m i l k  i n  the  g la s s  b o t t l e s  were s i g n i f i c a n t l y  h ig h e r  Cp < 0 .5 )  than  
those  wh ich  were g iv e n  to  th e  SSC samples. B u t,  th e  d i f f e r e n c e s  
were n o t  o f  p r a c t i c a l  im p o r ta n c e .  On th e  o th e r  hand th e  d i f f e r e n c e  
between th e  two means was 0 .2 4 .  There was no s i g n i f i c a n t  d i f f e r e n c e  
i n  the  f l a v o u r  sco re  due to  exposure  to  the  s im u la te d  d o o rs te p  d e l i v e r y  
c o n d i t io n s .  There was c le a r  ev idence  o f  the  l ig h t - p r o d u c e d  o x id iz e d  
f l a v o u r  i n  the  samples o f  m i l k  i n  g la s s  b o t t l e s  w h ich  were exposed to  
th e  day l i g h t  f o r  3 h compared w i t h  tho se  w h ich  were n o t  exposed.
O x id iz e d  f l a v o u r  appeared i n  some m i l k s  i n  SSC. T h is  may have been
due to  th e  a b s o rp t io n  o f  oxygen d u r in g  s to ra g e .  H ig h ly  s i g n i f i c a n t
n e g a t iv e  c o r r e l a t i o n  c o e f f i c i e n t s  [p < 0 .001 ) were found  between th e  
f l a v o u r  sco res  and lo g ^  o f  th e  t o t a l  c o lo n y  c o u n t ,  p s y c h r o t ro p h ic  
co u n t  and the  a c id  degree v a lu e .  Randolph e t .  a l .  C1964) s ta te d  t h a t
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th e  most common d e fe c ts  such as u n c le a n ,  b i t t e r ,  f r u i t y ,  and s t a le  
f l a v o u r s  i n  p a s te u r iz e d  m i l k  a t  th e  t im e  o f  s p o i la g e .w e re  those  
r e s u l t i n g  from  th e  g row th  o f  p s y c h r o t r o p h ic  b a c t e r ia .
I t  appeared from  the  r e s u l t s  t h a t  th e  f l a v o u r s  i n  p a s te u r iz e d  m i l k  were 
caused by m ic r o b ia l  g ro w th ,  and c h e m ic a l and p h s y c ia l  changes i n  the  
m i l k .  There was a decrease  i n  th e  f l a v o u r  scores d u r in g  th e  s to ra g e  
t im e  a t  5°C. The mean o f  th e  f l a v o u r  sco res  a f t e r  s i x  days o f  
s to ra g e  a t  5°C showd on th e  s c a le  between ' l i k e  s l i g h t l y '  and 
' d i s l i k e  s l i g h t l y * .
4. T o ta l  sco res
The combined sco res  f o r  appearance , odour and f l a v o u r  [ t a s t e )  showed 
t h a t  th e re  were no s i g n i f i c a n t  d i f f e r e n c e s  between the  m i l k s  i n  g la s s  
b o t t l e s  o r  s in g le - s e r v i c e  c o n ta in e r s  on th e  f i r s t  day o f  p ro c e s s in g  
and a f t e r  s i x  days o f  s to ra g e  a t  5°C. However, on th e  second day o f  
s to ra g e ,  th e  o v e r a l l  t o t a l  sco re  g iv e n  to  th e  3SC samples was 
s i g n i f i c a n t l y  h ig h e r  (p < 0 .0 0 1 )  than  t h a t  g iv e n  to  the  m i l k s  i n  
g la s s  b o t t l e s .  There was a h ig h ly  s i g n i f i c a n t  d i f f e r e n c e  Cp < 0 .0 0 1 ) 
between th e  t r i a l s  and between th e  ju d g e s  i n  th e  sco res  awarded on th e  
day o f  p ro c e s s in g  and a f t e r  2 and 6 days o f  s to ra g e  a t  5°C. From th e  
p r a c t i c a l  p o in t  the  e f f e c t  o f  th e  exposure  was n o t  s i g n i f i c a n t .
Samples wh ich  were n o t  exposed to  s im u la te d  d oo rs te p  d e l i v e r y  
c o n d i t io n s  had a h ig h e r  t o t a l  sco re  f o r  q u a l i t y  than  th e  samples w h ich  
were exposed i n  bo th  type s  o f  package, i . e .  g la s s  b o t t l e s  and s in g le  
s e r v ic e  c o n ta in e r s .
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CONCLUSION
1. I t  i s  conc luded  t h a t  th e re  was no s i g n i f i c a n t  d i f f e r e n c e  i n  th e  
appearance sco res  o f  p a s te u r iz e d  m i l k  packaged in  g la s s  b o t t l e s  o r  
s in g le  s e rv ic e  c o n ta in e r s  a f t e r  6 days o f  s to ra g e  a t  5°C. There was 
a w ide d i f f e r e n c e  between th e  ju d g e s  i n  t h e i r  s c o r in g  f o r  appearance 
o f  p a s te u r iz e d -  m i l k .
2. I t  i s  conc luded t h a t  th e re  was no d i f f e r e n c e  in  th e  odour sco res  
o f  p a s te u r iz e d  m i l k  packaged in  th e  two type s  o f  c o n ta in e r  on th e  day 
o f  p ro c e s s in g ,  bu t  th e  m i l k  packaged in  SSC showed b e t t e r  odour a f t e r
2 days o f  s to ra g e  a t  5°C th a n  t h a t  packaged in  g la s s  b o t t i e s .  However, 
t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  between the  odour scores o f  m i l k  in  
th e  two ty p e s  o f  c o n ta in e r s  a f t e r  6 days o f  s to ra g e .
3. . I t  i s  conc luded  t h a t  th e r e  was no s i g n i f i c a n t  d i f f e r e n c e  i n  th e  
f l a v o u r  sco res  o f  m i l k  packaged i n  g la s s  b o t t l e s  and s in g le - s e r v i c e  
c o n ta in e r s  on th e  day o f  p ro c e s s in g .  A f t e r  2 days o f  s to ra g e  th e  
f l a v o u r  sco res  f o r  p a s te u r iz e d  m i l k  packaged in  SSC was b e t t e r  Cp < 0 .0 1 ]  
than  tho se  o f  p a s te u r iz e d  m i l k  packaged i n  g la s s  b o t t l e s .
4. The t o t a l  sco res  f o r  th e  assessment o f  q u a l i t y  o f  p a s te u r iz e d  m i l k  
packaged in  SSC were h ig h e r  Cp < 0 .0 0 1 )  than  tho se  o f  p a s te u r iz e d  m i l k  
packaged in  g la s s  b o t t l e s .  However, th e re  was no s i g n i f i c a n t  d i f f e r e n c e  
between th e  t o t a l  sco res  o f  th e  m i l k  i n  b o th  typ e s  o f  c o n ta in e r  on th e  
day o f  p ro c e s s in g  and a f t e r  6 days o f  s to ra g e  a t  5°C.
5. O x id iz e d  f l a v o u r  was th e  p redom inan t o f f - f l a v o u r  i n  th e  samples 
o f  m i l k  packaged in  g la s s  b o t t l e s  w h ich  were exposed to  th e  l i g h t  and
• te m p e ra tu re  c o n d i t io n  s im u la t in g  th e  d o o rs te p  d e l i v e r y  system.
6. The r e s u l t s  o b ta in e d  i n  t h i s  s tud y  showed a h ig h ly  s i g n i f i c a n t  
d i f f e r e n c e  between the  sco res  g iv e n  f o r  th e  q u a l i t y  o f  th e  m i l k  in  the  
s i x  t r i a l s .  These d i f f e r e n c e s  may be r e la t e d  to  d i f f e r e n c e s  i n  th e  
m i l k  because o f  c o m p o s i t io n ,  age, h a n d l in g  p rocedu res  e t c .  and a ls o  to  
d i f f e r e n c e s  i n  ju d g in g  a b i l i t y  o f  th e  pane l members.
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CHAPTER SIX
EVALUATION OF INHIBITORS TO DETERMINE THE 
MICROBIOLOGICAL QUALITY OF PASTEURIZED MILk
INTRODUCTION
The in c id e n c e  o f  p s y c h r o t r o p h ic  O ram -nega t ive  b a c te r ia  i s  th e  most 
im p o r ta n t  b a c t e r i o l o g i c a l  p rob lem  in  th e  m arket m i l k  in d u s t r y  to d a y .  
P o s t - p a s te u r iz a t io n  c o n ta m in a t io n  in  p a s te u r iz e d  m i l k  i s  u s u a l l y  
caused by p s y c h r o t ro p h ic  G ram -n ega t ive  b a c te r ia .
Many a t te m p ts  have been made to  f i n d  a r a p id  method f o r  th e  enum era tion  
o f  p s y c h r o t r o p h ic  b a c te r ia . ,  a t e s t  w h ich  cou ld  be used t o  d e te rm in e  ' 
th e  e f f i c i e n c y  o f  c le a n in g  and s a n i t i z i n g  in  d a i r i e s .  These a t te m p ts  
were based on th e  f a c t  t h a t  the  m a jo r i t y  o f  p s y c h r o t r o p h ic  organ ism s 
i n  r e f r i g e r a t e d  m i l k  a re  G ram -nega t ive  b a c t e r ia .  The coun t o f  the se  
organ ism s can be d e te rm in e d  by u s in g  a s e le c t i v e  agar c o n ta in in g  
i n h i b i t o r s  f o r  th e  g ro w th  o f  G ra m -p o s i t iv e  b a c t e r ia .  Many i n h i b i t o r s  
were used f o r  t h i s  purpose  by G y l le n b e rg  e t . a l . [1960] and Olson 
[1 9 6 1 ] ,  e .g .  sodium d e o x y c h o la te  and a lk y ld im e th y lb e n z y l  ammonium 
c h lo r i d e .
L ig h tb o d y  [1964, 1965 and 1966] found  t h a t  p e n i c i l l i n  agar was a u s e fu l  
medium f o r  d e te c t in g  p o s t  p a s t e u r i z a t i o n  c o n ta m in a t io n  o f  m i l k ,  cream 
and b u t t e r .  He found t h a t  o n ly  a few  G ra m -p o s it iv e ,  m ic r o c o c c i ,  
C o ry n e b a c te r ia  and a e r o b ic  sp o re fo rm e rs  produce c o lo n ie s  on i ty z S n d  
more than  80 p e r  ce n t o f  th e  o rgan ism s w h ich  grew on i t  were Gram- 
n e g a t iv e  ro d s .
Sm ith  and W i t t e r  [1979] found  t h a t  th e  presence  o f  2 mg o f  c r y s t a l  
v i o l e t  p e r  l i t r e  medium o r  2  mg o f  n é o té t r a z o l iu m  c h lo r id e  p e r  1 o f  
medium i n h i b i t e d  th e  g row th  o f  n o n -p s y c h ro t ro p h ic  b a c te r ia  w h i le  i t  
d id  n o t  reduce th e  coun ts  o f  p s y c h ro t ro p h s .
Langpveld e t . a l . [1976] found  t h a t  p la t e  count agar [ D i f c o ]  w i t h  th e  
a d d i t i o n  o f  100 mg b e n z y l-d im e th y l-a lk y l-a m m o n iu m  c h lo r id e  [Benza lkon 
A-50 p e r  c e n t ]  p e r  kg o f  medium o r  1000 mg Janus green p e r  kg medium 
o r  1000 mg Bromothymol b lu e  p e r  kg medium showed no g row th  when
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s t ro k e d  w i t h  0 . 0 1  ml o f  n o n - r e in fe c te d  p rs - in c u b a te d  p a s te u r iz e d  m i l k .  
They p o in te d  ou t t h a t  m ic ro -o rg a n is m s  s u r v iv in g  H T S T -p a s te u r iz a t io n  
a re  G ra m -p o s i t iv e  excep t f o r  A lc a l ig e n e s  t o l e r a n s .
The aim o f  t h i s  s tudy  w a s :-
1. To e v a lu a te  some o f  th e  p r e v io u s ly  t e s te d  i n h i b i t o r s  w i t h . p u r s  
s t r a in s  o f  s p o re - fo rm in g  G ra m -p o s i t iv e  b a c te r ia  and non -spo re  
fo rm in g  G ram -nega tive  b a c t e r ia .
2. To f i n d  th e  r e l a t i o n s h ip  between th e  t o t a l  co lo n y  coun t o f
p a s te u r iz e d  m i l k  on a s e le c t i v e  medium a f t e r  p r e - in c u b a t io n  
f o r  24 h a t  25°C and a f t e r  7 days o f  s to ra g e  a t  5°C on p la te  
coun t aga r w i th o u t  any s e le c t i v e  i n h i b i t o r s .
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EXPERIMENTAL
1. Pure s t r a in s  o f  B a c i l l u s  s u b t i l i s . B a c i l l u s  c e re u s . B a c i l l u s  
l i c h e n i f o r m i s , B a c i l l u s  m e g a te r iu m . B a c i l l u s  p u m i lu s . B a c i l l u s  f i r m u s . 
B a c i l l u s  c o a g u la n s . B a c i l l u s  c i r c u l a n s . B a c i l l u s  b r e v i s , B a c i l l u s 
s p h a e r ic u s . B a c i l l u s  po lym yxa . Pseudomonas s p e c ie s , p ro te u s  and 
E s c h e r ic h ia  c o l i  904 were grown f o r  24 h in  n u t r i e n t  b ro th  a t  th e  
optimum te m p e ra tu re  f o r  each organ ism s as d e s c r ib e d  by Gibbs and 
Shapton [1 9 6 8 ] .  Each o rgan ism  was the n  s t ro k e d  on D i f c o  p la t e  coun t 
aga r medium to  wh ich  a d d i t i o n  had been m ade:-
[ i ]  100 mg o f  Benzalkon A-50 p e r  cen t p e r  1 and,
[ i i ]  1000 mg o f  Janus green  p e r  1,
T h is  e xpe r im en t was re p e a ted  t h r e e  t im e s ,
2. E ig h t  samples o f  p a s te u r iz e d  m i l k  were c o l le c t e d  tw ic e  from  th e  
f i l l i n g  machines i n  a d a i r y  -  f o u r  samples i n  each t r i a l  f rom  th e  
b o t t l i n g  machine and th e  o th e r  f o u r  from  th e  s in g le - s e r v i c e  f i l l i n g  
m ach ine. Each sample was mixed and d iv id e d  a s e p t i c a l l y  i n t o  two 
s t e r i l e  j a r s .  The p o r t i o n s  were t r e a t e d  as f o l l o w s : -
P o r t io n  A T h is  l o t  was in c u b a te d  a t  25°C f o r  24 h and the n  0.1
ml amounts o f  s e r i a l  te n  f o l d  d i l u t i o n s  i n  q u a r t e r  s t r e n g th
R in g e r 's  s o lu t i o n s  were p la te d  i n  d u p l i c a te  on p la te  coun t agar 
t o  wh ich  one o f  th e  f o l l o w in g  s e le c t i v e  agents  had been a dd e d :-
[ i ]  100 mg Benzalkon A-50 p e r  ce n t p e r  1 medium,
[ i i ]  1000 mg Janus Green p e r  1 medium.
The p la te s  were in c u b a te d  f o r  24 h a t  30°C and examined f o r  g ro w th .
P o r t io n  B T h is  l o t  was in c u b a te d  a t  5°C f o r  7 days t o  a l lo w
p s y c h ro t ro p h s  t o  deve lop  and the n  th e  t o t a l  c o lo n y  coun t was
de te rm ine d  a c c o rd in g  t o  th e  method d e s c r ib e d  in  c h a p te r  o n e /s e c t io n  
1 : 1 ].
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TABLE 6 :1
R e g re s s io n  a n a l y s i s  o f  Log^ TTC/JG^ on Log^ o f  TCC^
Logo TTC/JG
R eg ress ion
E s t im a te SE T
S lope o f  lo g g  TTC 1.9999 0.2367 a . 45
C o r r e la t i o n
c o e f f i c i e n t
Y - in t e r c e p t  o f  lo g ^  TTC 16,3826 2 .9168 -5 .6 2  0.9144
The re g re s s io n  e q u a t io n  i s : -
Logg TTC/JG = -1 6 .3 8 26  + 1.9999 x lo g ^  TTC
A n a ly s is  o f  v a r ia n c e : -
OF MS
R eg ress ion 1 194.64 194.64
R e s id u a l 14 22.49 1 .60
T o ta l 15 217.13 14.47
Change - 1 -194&64 194.642
V a r ia n ce  accoun ted  f o r  8 8 .9 ,
1 , Logg o f  t o t a l  c o lo n y  coun t o f  p a s te u r iz e d  m i l k  a f t e r  p r e -
in c u b a t io n  f o r  24 h a t  25°C u s in g  Janus green  as an 
i n h i b i t o r  f o r  gram p o s i t i v e  b a c t e r ia .
2 . Logg o f  t o t a l  c o lo n y  c o u n t  o f  the  same p a s te u r iz e d  m i l k
r e f e r r e d  to  above, a f t e r  7 days o f  s to ra g e  a t  5°C u s in g  p la te  
coun t a g a r .
* * *  s i g n i f i c a n t  a t  0 .1  p e r  c e n t  l e v e l
TABLE 6 :2
R e g re s s io n  a n a l y s i s  o f  l o g ^  TTC/B^ on lo g ^  TCC^
Logg TTC/B
R egress ion
Y - in t e r c e p t  o f  lo g ^  TTC 
S lope o f  lo g g  TCC
E s t im a te







C o r r e la t io n
c o e f f i c i e n t
*  *  *
0.8857
The re g re s s io n  e q u a t io n  i s :
Logg TTC/B = -7 .1 8 6 4  + 1 .267 x lo g ^  TTC
A n a ly s is  o f  v a r ia n c e : -
OF MS
R egress ion 1 72.86 72.860
R e s id u a l 14 2 0 , 0 2 1 .430
T o ta l 15 92.88 6.192
Change - 1 -7 2 .8 6 72.860
% v a r ia n c e  accoun ted  f o r  76.9
1 . Logg o f  t o t a l  c o lo n y  coun t o f  p a s te u r iz e d  m i l k  a f t e r  p re -  
in c u b a t io n  f o r  24 h a t  25°C u s in g  Banzalkon A-50 p e r  c e n t  
as an i n h i b i t o r  f o r  g r a m - p o s i t i v e  b a c te r ia .
2 . Logg o f  t o t a l  c o lo n y  c o u n t  o f  th e  same p a s te u r iz e d  m i l k
r e f e r r e d  to  above, a f t e r  7 days o f  s to ra g e  a t  5°C u s in g  p la te  
coun t a g a r .
* * *  s i g n i f i c a n t  a t  0 .1 . p e r  c e n t  l e v e l
TABLE 6 :3
The e f f e c t  o f  Benzalkon A-50 and Janus green as i n h i b i t o r s  
on the  g row th  o f  some G ram -negative  and G ra m -p o s i t iv e  
b a c te r ia  a f t e r  24 h a t  th e  optimum te m p e ra tu re  g ro w th  f o r
each
Type o f  o rgan ism Benzalkon A-50 
1 0 0  mg/ 1  media
Janus green  
1 0 0 0  mg/ 1  media
B a c i l l u s  s u b t i l i s - -
B a c i l l u s  cereus - -
B a c i l l u s  l i c h e n i f o r m is - -
B a c i l l u s  p um ilus - -
B a c i l l u s  f i r m u s - -
B a c i l l u s  coagu lans - -
B a c i l l u s  c i r c u la n s - -
B a c i l l u s  b r e v is - -
B a c i l l u s  s p h a e r ic u s - -
Pseudomonas spp. 4"
P ro teu s + +
E s c h e r ic h ia  c o l i  904 + ' +
RESULTS AND DISCUSSION 
E xperim ent 1
The r e s u l t s  o f  t h i s  e xpe r im en t a re  p re se n te d  in  Tab le  6 :3 .  I t  i s  
c le a r  t h a t  th e  a d d i t io n  o f  1000 mg Janus green  p e r  1 medium c o m p le te ly  
i n h i b i t e d  th e  g ro w th  o f  th e  pu re  c u l t u r e s  o f  s p o re - fo rm in g  b a c t e r ia .  
However, th e  n o n -s p o re fo rm in g  b a c te r ia  Cp seudomonas  ^ p ro te u s  and 
Ë.* c o l i  ] had grown a f t e r  24 h a t  30°C. The same r e s u l t  was found 
where Benzalkon A-50 p e r  ce n t  C l00 mg p e r  1] was added to  th e  a g a r .
I t  co u ld  be p o s s ib le ,  t h e r e f o r e ,  t o  use the se  agen ts  i n  media f o r  
enum era t ion  o f  th e  G ram -nega t ive  p s y c h r o t r o p h ic  b a c te r ia  i n  
p a s te u r iz e d  m i l k .
H T S T -p a s te u r iz a t io n  d e s t ro y s  most G ram -nega t ive  b a c t e r i a ,  bu t th e r e  
a re  some Gram n e g a t iv e  w h ich  s u r v iv e  t h i s  heat t re a tm e n t .
A b d -E l-M a le k  and Gibson C1952] found  t h a t  A lc a l ig e n e s  t o le r a n s  was th e  
o n ly  G ra m -n e g a t iv e  rod o c c u r r in g  i n  m i l k  a f t e r  l a b o r a to r y  
p a s t e u r i z a t i o n  a t  63°C f o r  30 m in .  They re p o r te d  t h a t  i t  grew a t  
10°C and a t  37°C, th e  optimum be ing  about 30°C. S tadhouders C1975] 
found  some o f  th e  A lc a l ig e n e s  and M ic ro b a c te r iu m  sp ec ies  as th e  
t h e r m o r é s is ta n t  b a c te r ia  commonly .-p resent in  p a s te u r iz e d  m i l k .  T h e re ­
f o r e  A lc a l ig e n e s  t o le r a n s  i s  th e  o n ly  prob lem  fa c in g  th e  a t te m p ts  to  
f i n d  an e f f i c i e n t  t e s t  f o r  th e  q u a l i t y  o f  p a s te u r iz e d  m i l k  u s in g  a 
s e le c t i v e  medium wh ich  i n h i b i t s  G ram -nega t ive  b a c t e r ia .
M a r t in  [1974] r e p o r te d  t h a t  B a c i l l u s  spp. accounted f o r  about 95 p e r  
c e n t  o f  th e  sp o re fo rm in g  b a c te r ia  i n  m arke t m i l k  in  th e  USA. Of 
these  43 p e r  ce n t be longed t o  th e  sp ec ies  B a c i l l u s  l i c h e n i f o r m i s ,
37 p e r  ce n t  were B a c i l l u s  c e re u s , and th e  re m a in in g  20 p e r  ce n t 
com prised o th e r  B a c i l l u s  spp .
The B a c i l l u s  sp e c ie s  were chosen in  t h i s  expe r im en t because o f  t h i s  
f i n d i n g .
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Experim en t 2
The r e s u l t s  o f  th e  second expe r im en t p re se n te d  in  T a b le s G :2 and 6 :3  
show t h a t  th e r e  was a h ig h ly  s i g n i f i c a n t  c o r r e l a t i o n  between the  t o t a l  
c o lo n y  coun t o f  p a s te u r iz e d  m i l k  a f t e r  p r e - in c u b a t io n  f o r  24 h a t  25°C 
us ing  a s e le c t i v e  media and th e  t o t a l  c o lo n y  coun t o f  m i l k  a f t e r  7 
days o f  s to ra g e  a t  5°C.
Janus g reen  was a more e f f e c t i v e  i n h i b i t o r  than  Benza lkon A-50 p e r  c e n t .  
The c o r r e l a t i o n  c o e f f i c i e n t s  were 0 .9144 Cp < 0 .001 ) and 0.8857 
Cp < 0 , 0 0 1 ) .  The re g re s s io n  a n a ly s is  a ls o  showed a h ig h ly  s i g n i f i c a n t  
c o r r e l a t i o n  when th e  t - v a l u e  was compared w i t h  th e  s t a t i s t i c a l  t a b le s .  ■.
In  v iew  o f  t h i s  one canno t conc lude  t h a t  th e  g ro w th  o f  G ram -nega t ive  
b a c te r ia  on a s e le c t i v e  medium i s  gua ran tee d  i d e n t i f i c a t i o n  o f  p o s t ­
p a s t e u r i z a t i o n  c o n ta m in a t io n .
The r e s u l t s  showed t h a t  th e  r e l a t i o n s h i p  between the  c o un ts  on bo th  
s e le c t i v e  media and th e  t o t a l  c o lo n y  coun t o f  p a s te u r iz e d  m i l k  a t  
5°C f o r  7 days was n o t s u f f i c i e n t l y  a c c u ra te  f rom  th e  p r a c t i a l  p o in t  
o f  v ie w .  However, more work needs t o  be done on t h i s  p r o j e c t  u s ing  
o th e r  s t r a in s  o f  m ic ro -o rg a n is m s .
CONCLUSION
1. The use o f  Janus green  a t  1000 mg p e r  1 o f  medium and Benzalkon 
A-50 [100 mg p e r  l i t r e ,  medium) t o t a l l y  i n h i b i t e d  th e  s t r a i n  o f  B a c i l l u s  
spp . used i n  t h i s  e xp e r im e n t  bu t no t  th e  g ro w th  o f  Pseudomonas sp p . ,  
p r o te u s , and E s c h e r ic h ia  c o l i  904
2. There was a h ig h ly  s i g n i f i c a n t  c o r r e l a t i o n  [p < 0 .001 ) between 
th e  co un ts  o f  p a s te u r iz e d  m i l k  a f t e r  p r e - in c u b a t io n  a t  25°C f o r  24 h 
and th e  t o t a l  c o lo n y  coun t o f  th e  m i l k  a f t e r  7 days a t  5°C.
3. The r e l a t i o n s h ip  between th e  co u n ts  on th e  two s e le c t i v e  media 
and th e  t o t a l  c o lo n y  coun t a f t e r  7 days o f  s to ra g e  was no t enough to  
j u s t i f y  t h e i r  use i n  p r a c t i c e .
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